


Volume 26 Mariners § Weather 


Number 4 gon 


National Oceanic and Atmospheric Administration © Environmental Data and Information Service 


THE UNIVERSITY 
OF MICHIGAN 


FEB 16 1983 


ENGINEERING 
1; \|ARARY 


@ National Oceanographic Data Center 


The University, 
of Michigan 
Engineering 
Library 











Mariners | Weather 


Editor: Elwyn E. Wilson 


October-November-December 1982 
Volume 26, Number 4 
Washington, D.C. 


Routing 
Master 





Observing Officers 


Radio Officer 


PARTICIPATE IN AMVER 


PLEASE PASS THIS ISSUE ALONG 








U.S. DEPARTMENT OF COMMERCE 


Malcolm Baldrige, Secretary 


NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 


John V. Byrne, Administrator 


ENVIRONMENTAL DATA AND INFORMATION 


Margaret E. Courain, Acting Director 





ERVICE. 


Front Cover: The Philippine destroyer escort DATU KALANTIAW 
by typhoon Clara. A rescue helicopter is overhead. U.S. 
Navy and Air Force rescue personnel assisted in rescuing 18 
of the 97 crewmen on board. Wide World Photo. 


ARTICLES 

183 Western North Pacific Typhoons, 1981 
196 So Who Says its a Pacific Ocean 

198 Shipporad Environmental Data Acquisition System (SEAS) 


HINTS TO THE OBSERVER 
201 Wind-Chill Chart 


IPS TO THE RADIO OFFICER 
)1 Radiofacsimile Program Available in Gulf of Mexico 


MARINE OBSERVATIONS PROGRAM 
202 Marine Weather Observations 





202 Immarsat 

202 Federal Communications Commission 
202 Tne Pride of Baltimore 

202 Wny the Synoptic Code 

202 Bonus Books 

202 Wnere There's a Will, There's a Way 
2 special Service Award 

203 Harbor Pilots Join NOP 





THE EDITOR'S DESK 

204 Yo-Yo Device Tested Successfully on NASA Balloon 

204 Satellites Locate Ships and Planes in Trouble 

204 Wind Sensor Being Developed for Maritime Use 

205 Volcano Dust Wipes out Sea-Surface Temperature 
Measurements 

206 Hurricane-Probing Aircraft to Support Stor Prediction 
Research 

2 0€ XERB DWDA Storm Data 

MARINE WEATHER REVIEW 

207 North Atlantic Weather Log, April, May, June 19 

213 North Pacific Weather Log, April, May, June 1982 

220 Hurricane Alley 

220 Tropical Cyclones - April 1982 

220 Tropical Cyclones - May 1982 

220 Tropical Cyclones - June 1982 

224 Hurricane Havens Handbook 

225 Principal Tracks of Centers of Cyclones at Sea Level 


North Atlantic Selected Gale and Wave Observations 
North Pacific Selected Gale and Wave Opservations 
-5. Cooperative Ship Weather Reports 





Ocean Buoy Climatological Data, April, May, June 
1982 


247 Apridged Index to Volume 26 


The Secretary of Commerce has determined that the publication of this periodical is necessary in 


the transaction of the public business required by law of this Department. 
ing this periodical has been approved by the Director of 
through April 1,1985. 


The Mariners Weather Log (ISSN:0025 








phone: 202-634-7394), 


For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 
20402. Annual subscription price: $8.00 domestic, $10.00 foreign. Single copies: $3.00 domestic, 
Second-class postage paid to Finance Dept., USPS, Washington, DC 20260. 


$3.75 foreign. 


Although the contents have not been copyrighted and may be reprinted freely, reference to source 
and a copy would be appreciated. 





Use of funds for prini- 
f the Office of Management and Budget 


367) is published quarterly by the National Oceanographic 
Data Center, Environmental Data and Information Service, NOAA, Washington, DC 20235 (tele- 
Partial funding is provided by the National Weather 





Mariners | Weather 
WESTERN NORTH PACIFIC TYPHOONS, 1981 f= 


OF MICHIGAN 
FEB 16 1983 


Extracted from the Annual Tropical Cyclone Report, 1981, U. S. 
Naval Oceanographic Command Center, Joint Typhoon Warning Center, 


Guam, Mariana Islands. ENGINEERING 

1 IRPARY 
he western North Pacific experienced the third beyond the tropical depression (TD) stage and 11 

consecutive year of below normal tropical cy- tropical storms (TS) failed to reach typhoon 
clone activity during 1981. Twenty-nine tropical intensity. Of the 16 tropical cyclones that 

cyclones occurred, one more than the previous 2 yr developed to typhoon (TY) intensity, only two 
but three less than the annual average. Only one reached the 130 kn intensity necessary to be 
significant tropical cyclone failed to develop classified as supertyphoons (ST). Tropical 


Table 1.-- Tropical cyclones, western North Pacific, 1981 
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Figure 2.-- Tropical storm tracks, 1981. 
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Figure 3.-- Typhoon tracks, 1981. 
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Figure 4.-- Typhoon tracks, 1981. 
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Figure 5.-- Supertyphoon tracks, 1981, 


Table 2.-- 1981 tropical cyclone statistics 





Table 3.-- Frequency of tropical storms and ty- 
phoons by month and year 





cyclones reaching tropical storm intensity or 
greater are assigned names in alphabetical order 
from a list of alternating male/female names. 
Table 1 provides a summary of key statistics for 
western North Pacific cyclones. Each tropical 
cyclone's maximum surface winds (MAX SFC WND), in 
knots, and minimum observed sea level pressure 


Table 4.-- Frequency of typhoons by month and year 








(MIN OBS SLP), in millibars, were obtained from 
best estimates based on all available data. The 
distance travelled, in nautical miles, was 
calculated from the Joint Typhoon Warning Center 
(JTWC) official best track. 

Tables 2 through 4 provide further information 
on the monthly distribution of tropical cyclones 
and statistics on Tropical Cyclone Formation 
Alerts and Warnings. The number of warning days 
were 144, an increase from 128 in 1980 and 
slightly less than 149 in 1979. There were 23 
days with two cyclones and 3 days with three or 
more cyclones. 

The cyclone tracks are shown in figures 1 
through 5. The tracks are shown from first 
detection until dissipation or becoming extra- 
tropical. In tables 3 and 4 the storms are 
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credited to the month that the first warning was 
issued. Numbers in some past year's tables may 
disagree, as some indicated month of first 
detection. Maximum winds are estimates of 
sustained speeds for a l-min average. 

Individual typhoons are described in the 
following narratives. Times are GMT unless 
otherwise indicated. Tropical storm summaries 
may be found in Hurricane Alley of the appropriate 
issue of the Mariners Weather Log. 





TYPHOON FREDA 

Typhoon Freda, the first tropical cyclone of 
1981 and only the fourth typhoon since 1959 to 
occur in March, developed very slowly within the 
near-equatorial trough that shifted briefly north 
of the equator in early March. 

The disturbance remained quasi-stationary 
near the Gilbert Islands for nearly 3 days, and 
finally began to move northwestward and develop 
slowly as it reached higher latitudes. The first 
warning on TD Ol was issued at 0000 on the 12th as 
the disturbance approached the southern Marshall 
Islands when synoptic reports and satellite 
imagery indicated further development. 

Strong southeasterly flow aloft resulted in 
considerable vertical tilt during Freda's north- 
west track. The 700-mb center was consistently 
observed 15 to 25 mi north-northwest of the 
surface center. This poor vertical alignment 
combined with the absence of strong upper-level 
outflow channels resulted in her extremely slow 
intensification. This proved fortunate for 
Enewetak Atoll which lay directly in Freda's 
path. Freda passed 15 mi west of the Atoll with 
55 kn sustained winds. Although no synoptic 
observations or damage reports were received 
from Enewetak, the situation could have been far 
more disastrous. 

In contrast to the extremely slow development 
during the first three days of her existence, 
Freda intensified rapidly once north of the mid- 
tropospheric subtropical ridge axis and in a more 
favorable upper-level environment. Contact with 
the southwesterly jet north of her provided a 
vigorous outflow channel. Freda intensified from 
65 kn to 100 kn and deepened from 975 mb to 940 
mb within 30 hr (fig. 6). 

Freda was at her maximum intensity of 100 kn 
when she passed within 65 mi of Wake Island. 

Wake reported maximum sustained winds of 50 kn 
with gusts to 75 kn at 15/2300. Damage to the 
island's runway and support equipment was exten- 
sive, caused primarily by the high surf, estimated 
to be over 20 ft, generated by Freda's close 
passage. 

As Freda moved farther north and approached 
the core of the jetstream, the strong mid-latitude 
westerlies responsible for her rapid intensifica- 
tion also caused her eventual weakening. Forty- 
eight hours after reaching maximum intensity, 
Freda's convection was sheared off and the 
level circulation moved quickly northward and was 
absorbed into a developing extratropical low 
pressure system. 


low- 


TYPHOON IKE 
Typhoon Ike was one of several recent examples 
of tropical cyclone development over the South 
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Figure 6.-- Typhoon Freda at 80-kn, 390 mi south- 
west of Wake Island, March 14, 1981, 


China Sea during the end of the monsoonal transi- 
tion season. Several characteristic features 
have often been observed by JTWC forecasters 
both in the tropical cyclogenesis and during the 
lifetime of the system as a tropical storm and 
typhoon. These include: 


e The system becomes initially evident on 
satellite imagery as a mid-tropospheric monsoonal 
depression with fluctuating associated convection. 


e The system is often initially slow to 
develop a closed surface circulation, despite 
persistent associated convection. 


e The system is also slow to intensify, even 
after evidence of surface development. 


e The system frequently maintains a broad 
asymmetrical wind distribution throughout its life 
cycle. 


e The system is usually short-lived, with 
repeated interactions with nearby land masses. 


Ike was typical of this pattern and displayed 
all the above characteristics during his develop- 
ment. The first evidence that Ike might develop 
occurred on June 8, as the 0000 surface analysis 
indicated relatively lower surface pressures just 
west of the Philippine Islands. Based on this 
data, and satellite imagery which indicated 
continued convective support, an alert was issued 
at 0600. 

Ike had a difficult time persisting as a 
tropical cyclone as steady upper-level shear 
displaced Ike's 700 mb center as much as 60 mi 
southwest of the surface circulation. Finally, 
on June 9, Ike moved into an area of decreased 
shear aloft, which allowed vertical alignment to 
intensify the system. Ike reached tropical storm 
intensity at 10/0000, In the meantime, a mid- 





latitude, mid-tropospheric trough over Asia 
continued moving eastward, and Ike accelerated 
to the northeast, steered by the increasingly 
strong southwesterly flow. 

Only one aircraft reconnaissance mission was 
able to penetrate Ike due to geographical and 
political constraints. This aircraft fixed Ike 
near the storm's peak intensity just prior to 
landfall over Taiwan. The crew reported that 
Ike's minimum sea-level pressure had decreased 
to 967 mb, 700 mb winds of over 60 kn were 
measured, and aircraft radar indicated partial 
eyewall formation. Based on the above data, it 
was concluded in post-analysis that Ike reached 
minimal typhoon intensity near this time. Less 
than 12 hr later, Ike moved ashore over south- 
western Taiwan. 

Ike weakened significantly while traversing 
Taiwan but emerged over open water north of Taipei 
around 13/1500. Ike became an extratropical low 
at 14/0000. 

Subsequent press releases reported minor damage 
over Taiwan due to heavy rains and flooding. 

Eight storm-related fatalities were reported, four 
from Taiwan and four from the Philippine Islands. 


TYPHOON JUNE 

The process for genesis of tropical cyclones 
through interaction with a tropical upper 
tropospheric trough (TUTT), was evident during 
the early development stages of Typhoon June. A 
TUTT was established over the Philippine Sea 
early in June leading to the generation of a 
tropical disturbance over the Palau Islands. On 
the 13th a cell within the TUTT was observed on 
satellite imagery. By the 15th the TUTT cell was 
northwest of a disturbed area and the potential 
for development of a tropical cyclone was greatly 
improved. 

The disturbance then developed an outflow 
aloft and banding features were evident on 
satellite imagery of 17/0600. At that same time 
aircraft reconnaissance also found that the 
disturbance had tropical storm strength winds. 

It is interesting to note that the TUTT cell 
which helped form June moved ahead of her along a 
parallel track until she hit Taiwan. June main- 
tained a position southeast of the TUTT cell 
throughout this period. Further, June intensified 
to a maximum of 75 kn while tracking behind the 
TUTT cell as she hit Taiwan. 

Radar observations at Hua-Lien provided 
essential information to JTWC when June began to 
deviate from a northward direction toward a point 
40 mi southeast of Taipei. Figure 7 is a picture 
of the radar presentation taken at Hua-Lien at 
0500 on the 20th, when June had an intensity of 
75 kn 9 hr before landfall. 

June began to weaken gradually after recur- 
vature. A 500 mb anticyclone that had formed 
over China and allowed June to recurve, moved 
southward as a trough approached China's coast. 
As June neared Japan, she began to interact with 
a weak frontal system extending southwestward 
and entrain cold air supplied by the trough. At 
1200 on the 22d the final warning was issued on 
June as she became extratropical before tracking 
over Kyushu. 








Figure 7.-- June as she appeared on the Hau-Lien 
radar 0500 June 20. 
Central Weather Bureau, Taipei, Taiwan. 


Photo courtesy of the 








TYPHOON KELLY 

The disturbance which became Typhoon Kelly was 
first detected by satellite imagery on June 25 
northwest of Truk Atoil. The next 4-day period 
was marked by often impressive organization on 
satellite imagery with little or no evidence of 
a surface circulation center. However, with 
synoptic data at 29/1200, it became increasingly 
evident that a surface center had established 
itself. 

The successful launch of NOAA 7 in June 1981 
afforded JTWC the opportunity to receive local 
afternoon surveillance from a high resolution 
polar-orbiting satellite platform. At 0447 on 
the 25th, while NOAA 7 was in its 17th orbit, a 
disturbance was located just northwest of Truk. 
The visual imagery on the 27th from NOAA 7, 
yielded a Dvorak intensity classification of T2.5 
(35 kn). 

At 1200 on the 28th, satellite imagery once 
again showed an area of increased convection 
centered near 14°N, 135°E. The first warning on 
TD-06 was issued at 0000 on the 30th. 

Synoptic observations from reporting stations 
along the southeastern coast of Luzon and 
Catanduanes Island indicated that TD-06 made 
landfall at, or near, tropical storm strength, at 
30/1200 and was upgraded to Tropical Storm Kelly. 
As Kelly tracked over the central Philippines, the 
low-level circulation pattern became disrupted 
and the observed wind speeds lessened, so that by 
31/0000, Kelly was downgraded to TD-06. TD-06 
tracked directly over Mindoro Island and despite 
having lost some of its earlier intensity, the 
combined effects of heavy rains, flooding and 
mudslides left thousands homeless and nearly 200 
dead. 

Within hours after TD-06 moved into the South 
China Sea, it regaitied its low-level circulation 
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pattern and resumed its interrupted intensifica- 
tion trend. At 1800 July 1 TD-06 was upgraded 
to Tropical Storm Kelly. In post-analysis, Kelly 
first attained tropical storm strength at 30/0600, 
was downgraded at 30/1800 and was upgraded at 
01/0600. This is fairly typical of post-storm 
analysis since the supporting synoptic data are 
received at JTWC after the warning has been issued 
for the synoptic hour; thus, the upgrading and 
downgrading usually follow on the next warning. 
At 0000 July 2, while moving to the northwest, 
Kelly was upgraded to typhoon strength. The 
03/0300 surface observation from the Paracel 
Islands indicated southeasterly winds of 74 kn 
and a sea-level pressure of 970.8 mb. It was 
during this period that Kelly is assumed to have 
reached his maximum intensity of 75 kn. Subse- 
quent satellite imagery indicated weakening 
convection with cirrus occasionally masking the 
eye. By 03/1800, Kelly had reached the south- 
eastern portion of Hai-nan Island and the eye 
was no longer evident on satellite imagery. 
Landfall occurred about 100 mi south of Hanoi at 
04/1800. The last satellite fix received for 
the remnants of Kelly was at 05/0000, positioned 
along the Vietnam-Laos border. 


TYPHOON OGDEN 

Typhoon Ogden developed near 23°N, 151°E, when 
a circulation formed under a pre-existing convec- 
tive area. 

The initial warning carried a gradually 
recurving track to the east of Japan. This 
forecast was based on the apparent existence of a 
break in the 500 mb ridge to the northwest and 
the approach of an apparently significant trough 
in the westerlies. Forecast aids were in 
disagreement on the forecast track. Climatology 
and the current synoptic situation influenced the 
choice of a recurving track over a northwest to 
westerly straight track. Three warnings were 
issued with the recurve forecast before a change 
to straight northwest movement was decided upon. 
The change was precipitated by two things: synop- 
tic data showed the approaching trough was not as 
strong as anticipated, and the ridge to the north 
was building westward ahead to TD-10. No further 
changes in track were required as TD-10 responded 
well to the steering currents on the south side 
of the ridge. 

Favorable outflow conditions were never 
established for TD 10 and this perhaps explains 
the very gradual intensification. Twenty-four 
hours after TD 10 formed, tropical storm strength 
was reached, however, it took another 60 hr for 
then tropical storm Ogden to reach its maximum 
intensity of 65 kn thus becoming a minimal typhoon 
(fig. 8). Ogden was upgraded to typhoon in post- 
analysis based on a combination of aircraft and 
land synoptic data. 

Ogden crossed southern Kyushu between 30/1600 
and 30/2100 and weakened significantly. Ogden 
still possessed tropical storm strength winds 
when it emerged into the East China Sea. Weak- 
ening continued as Ogden headed northwest toward 
Cheju-Do Island and the Korean Peninsula. 
cumbing to upper and mid-level shear, Ogden 
finally dissipated as a significant tropical 
cyclone over the Yellow Sea along the west coast 
of Korea. 


Suc- 
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Figure 8.-- Ogden at 0957, July 30, at near max- 
imum intensity of 65-kn, as seen by NOAA 6 
infrared imagery. 


TYPHOON THAD 

The monsoon trough was particularly active in 
mid-August, and within the 48 hr period beginning 
August 16 three tropical cyclones were spawned. 
Typhoon Thad, the first of the three, was initial- 
ly evident on August 10 when surface synoptic 
data indicated a weak circulation was embedded 
in the trough near 18°N, 130°E. The circulation 
was first cited on August 15 when satellite 
imagery indicated limited outflow had developed 
above the surface circulation. The outflow was 
initially the result of a 200-mb ridge that had 
built westward over the surface trough. Aircraft 
reconnaissance data located a circulation near 
19°N, 132°E. Analysis of 16/0000 200 mb synoptic 
data showed that an anticyclone had developed in 
the ridge over the circulation, enhancing the 
outflow pattern necessary for further intensifica- 
tion of the disturbance. Satellite imagery 
eventually indicated better organization of the 
system, thus the first warning on TD-15 was issued 
on the 16th. By 18/0000 Thad had reached typhoon 
strength and developed a ragged eye that remained 
for 80 hr (fig. 9). 

As Thad neared 30°N, analysis of 500 mb data 
established the likelihood that Thad would inter- 
act with a progressing long wave trough just 
south of Japan, where recurvature and subsequent 
acceleration were expected. Post-analysis has 
revealed several deficiencies in that conclusion: 
the trough did move eastward over the Sea of Japan 
late on July 21; a rapidly building ridge east 
of Thad caused the trough to stall northwest of 
Thad; coincident with the stalling long wave, a 
weak short wave moved through the trough and 
caused a rapid, unforecast, deepening. The entire 
trough system generated 500-mb height drops of 
up to 100 min 12 hr. This rapid deepening, 
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Figure 9.-- Visual NOAA 6 satellite image of 


Thad at 2259 August 20 with 80-kn winds and a 
ragged eye, 


combined with high pressure in the ridge to the 
east, established an intense 500-mb pressure 
gradient over eastern Japan with resultant wind 
speeds as high as 65 kn. Thad tracked northward 
under the influence of the 500 mb flow and was 
entrained into this area of high winds early on 
August 22 and accelerated very rapidly to the 
north over eastern Japan. Thad's speed of advance 
accelerated from 10 kn at 0000 on the 22d to 45 kn 
by 0000 on the 23d. 

Post-analysis has shown Thad started a very 
rapid extratropical transition near 32°N that 
continued as the system accelerated along the 
eastern side of the trough. The rapid accelera- 
tion, and an associated rapid entrainment of cool- 
dry air, completed the transition by 23/1200, at 
which time satellite imagery indicated Thad had 
merged with the trough over the Tatar Strait and 
was no longer discernible as a tropical entity. 


TYPHOON AGNES 

On August 26 a reconnaissance aircraft inves- 
tigated a developing system north of Guam. The 
26/0000 synoptic data indicated a possible low- 
level center approximately 150 mi northwest of 
Guam. The investigating aircraft located a 
1006-mb surface center 215 mi northwest of Guam. 
Satellite imagery showed improving convective 
organization and, at 1800, the first warning was 
issued for tropical depression 18. 

On the 27th TD-18 was upgraded to tropical 
storm Agnes when aircraft reconnaissance data 
showed a 994-mb sea-level pressure at the center 
and measured winds of 46 kn at flight level (1500 
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ft). While moving toward the west-northwest and 
intensifying along climatological norms, Agnes 
was upgraded to a typhoon at 0000 on the 29th. 
Agnes passed 90 mi southwest of Okinawa and then 
began a turn toward the north along the western 
periphery of the subtropical ridge. At 31/0000, 
170 mi northwest of Okinawa, Agnes reached a peak 
intensity of 95 kn which was maintained for 12 hr. 
The forecast scenario had anticipated Agnes 
would interact with a mid-latitude trough south 
of Korea and then accelerate northeastward. 
However, as Agnes moved north of 30°N, there was 
no evidence of the anticipated acceleration; 
instead, there was increasing evidence that Agnes 
was losing much of her deep-layered convection and 
a premature extratropical transition was underway. 
In post-analysis it was determined that Agnes had 
lost much of her tropical characteristics by 1800 
September 1. However, since there were no air- 
craft or synoptic data close to Agnes to confirm 
this apparent transition, warnings were maintained 
until 03/0600 at which time synoptic data from 
Jeju-Do confirmed Agnes' character and the threat 
as a significant tropical cyclone to Korea and 
Japan had passed. Much of the southern portion 
of South Korea was being inundated with the 
heaviest recorded rainfalls in this century, up 
to 28 in. This adverse weather preceded the low- 
level center as the heavy rains and thunderstorms 
were sheared northeastward over Korea. Because 
most of the earlier forecasts had predicted Agnes 
moving over this region by this time, much of the 
potential damage from these rains may have been 
averted by the precautions taken well before the 
heavy rainfalls and flooding began. 


TYPHOON BILL 

Without the benefit of satellite data typhoon 
Bill may have gone undetected since the initial 
disturbance formed 295 mi east-southeast of Marcus 
Island and only came within 120 mi of that island 
at 0600 on September 3. The disturbance was never 
discernible in the synoptic data observations from 
Marcus Island. Bill remained a compact system 
throughout its duration (fig. 10). 

Unlike larger storms which tend to create 
their own environment and move sub-tropical 
systems out of their way, Bill reacted to the 
environment and maintained a tight gradient 
between himself and an anticyclone until he was 
north of 28°N at 05/1200, where weakening began. 
Once this occurred, the maximum observed wind 
speeds correlated quite well with wind/pressure 
relationships until extratropical transition 
occurred. 

First detected at 0000 September 1, Bill's 
convection covered a small area of approximately 
150 mi in diameter, and had an associated small 
mid-level cyclonic circulation. This mid-level 
system slowly built down to the surface and then 
deepened rapidly. Environmental pressures were 
generally near 1009 mb; however, aircraft 
reconnaissance at 03/0807 found a 993-mb central 
pressure and winds of 70 kn northeast of the 
center. The Atkinson and Holliday wind/pressure 
relationship indicates that a 993-millibar cen- 
tral pressure would support a mean maximum wind 
of 45 kn. The higher wind speed in Bill was the 
result of an extremely tight pressure gradient 
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Figure 10.--Compact typhoon Bill with 85-kn winds 
was at peak intensity at 1724 September 5. NOAA 
7 infrared image. 





between the storm and a subtropical ridge to the 
northeast. 


TYPHOON CLARA 
Clara was first detected on satellite imagery 
at 1600, September 11 near Ponape as an area of 
concentrated convection embedded within the 
monsoon trough. As Clara tracked westward it 





Figure 12.-— The Philippine Navy Destroyer DATU KALANTIGAW aground on Calagan Island. U.S. 


became apparent that the potential for significant 
development would increase as it moved into the 
upper level divergent area induced by a Tropical 
Upper Tropospheric Trough northwest of Guam. 

After passing about 210 mi south of Guam, slow 
but steady intensification took place as a 200-mb 
anticyclone became evident over the disturbance 
based on streamline analysis of September 15. 
Clara continued to track west-northwestward and 
attained tropical storm intensity by 1800 on the 
16th. 

Clara intensified rapidly as she attained her 
maximum surface winds of 120 kn 6 hr prior to 
crossing the northern tip of Luzon at 19/2200 
(fig. 11). Upon entering the South China Sea it 
became apparent that Clara was not going to 






TY CLARA 





Figure 11.-- Typhoon Clara on the 19th at 115-kn 
16 hr from northern Luzon as viewed by NOAA 7. 
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sonnel can be seen on board during recovery operations. U.S. Navy Photo by PH2 P.B. Soutar. 
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recurve because an anticyclone over southeast 
China had moved northeastward displacing a weak- 
ness west of Taiwan and preventing recurvature 
to the north. Clara responded to these changes 
and remained on a northwest track making landfall 
140 mi east-northeast of Hong Kong at 21/2000. 
After making landfall Clara dissipated rapidly 
as she accelerated inland into hilly terrain. 
Clara was a devastating storm as she crossed 
northern Luzon causing widespread damage and loss 
of life in eight northern Luzon provinces. 
Torrential rains caused floods which left thou- 
sands homeless and caused extensive damage to 
property and crops. A Philippine Navy destroyer 
and a cargo ship sank 330 mi north of Manila 
leaving 68 persons missing (fig. 12). 


TYPHOON DOYLE 

Typhoon Doyle was the second midget storm of 
the 1981 season and followed typhoon Bill by 
less than 3 wk. Doyle and Bill were very similar 
in size, intensity and track. Doyle was also 
unusual in that all of the warnings were based on 
satellite imagery analysis. 

Doyle was first detected as an apparent mid-to- 
upper-level disturbance early on September 18 
near 25°N, 178°E. The disturbance built down to 
the surface as it drifted westward. The first 
warning was issued on the 20th based upon Dvorak 
analysis of visual satellite data which indicated 
that tropical storm Doyle had an estimated 
intensity of 35 kn. 

Doyle initially tracked west-northwestward then 
recurved around a mid-tropospheric anticyclone. 
As Doyle recurved he became entrained in strong 
westerlies and accelerated rapidly northeastward. 
Doyle then started to weaken over the cooler 
waters north of 30°N, finally losing tropical 
characteristics near 39°N, 172°E, when the system 
merged with an existing front. Typhoon Doyle was 
never larger than 180 mi in diameter, even though 
the maximum intensity was 80 kn. 


SUPER TYPHOON ELSIE 

Following the northward progression of Typhoons 
Clara and Doyle, the near equatorial trough became 
very weak and diffuse with very few areas of 
concentrated convection for several days. There 
was a small convective area, approximately one 
degree in diameter near 8°N, 150°E, on the 22d with 
a weak but well defined associated circulation. 
Satellite data showed a fairly well organized 
upper-level anticyclone (ULAC) located above the 
low-level circulation. An aircraft reconnaissance 
mission located the low-level circulation. 

Typhoon Elsie (figs. 13 and 14) was a well- 
behaved cyclone. She reached tropical storm 
strength late on September 24 and 24 hr later was 
a typhoon. For the first 3 days she tracked west- 
northwestward under the influence of a subtropical 
500-mb ridge to the north. By the 27th she was 
curving toward the northwest and at 1200 reached 
supertyphoon force of 135 kn. Elsie gradually 
curved to a north-northwest track and reached her 
maximum of 150 kn at 0000 on the 28th. Her 
minimum observed sea level pressure was 893 mb. 
Reconnaissance aircraft took 29 fixes between 
September 24 and October 1. By 0600 on the 29th 
Elsie was below supertyphoon intensity at 130 kn, 
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and on the 30th recurved to the northeast. She 
passed about 200 mi southeast of Tokyo late on 
October 1 and was extratropical by 0600 on the 
2d. The container vessel PRESIDENT JEFFERSON 
encountered extratropical Elsie on the 3d and 
lost containers overboard. 





Figure 13.--Supertyphoon Elsie had reached 150~kn 
intensity at 0520 on the 28th when this NOAA 
7 visible image was sensed. She was 615 mi 
»westsporthwest ef Guam. 
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Figure 14,-- Elsie's track showing maximum winds 
and speed of movement, 


TYPHOON GAY 
Typhoon Gay was a harbinger of good tidings 





for the island of Okinawa, providing 5.89 in of 
rain as she passed some 95 mi to the southeast. 
Locked in a severe drought, Okinawa residents had 
been suffering under strict water rationing. 

From its inception within an abnormally large 
convective area Gay was far from a straight 
forward system. Early satellite fixes were very 
unreliable, resulting in the vectoring of aircraft 
reconnaissance to the wrong portion of the 
convective area. Post-analysis has shown the 
actual “center” of the developing system was far 
to the west-southwest of where it was believed to 
be. 

As Gay became better organized she became 
somewhat more predictable, with a forecast for a 
generally westward track and for an eventual 
recurvature around the west side of the prevail- 
ing mid-tropospheric anticyclone. Gay reached 
tropical storm intensity on October 14 east of 
Guam and made a loop near 17°N, 139°E on the 
17th. She was typhoon intensity coming out of 
the loop later in the day. 

Typhoon Gay remained a fickle system until 
reaching maximum intensity of 95 kn when a large 
eye finally developed. Until this time, the 
center of Gay was characterized by an unusually 
large area of light and variable winds, further 
contributing to the problems of accurate location. 

Following recurvature and passage to the east 
of Okinawa, Gay continued around the western side 
of the mid-Pacific anticyclone and accelerated 
toward Japan. Eventually passing within 30 mi of 
Tokyo, Gay brought extensive rainfall to the 
central regions of Japan. Yokosuka Naval Facility 
reported peak gusts of 60 kn and 9.38 in of rain 
over the 24 hr period of Gay's passage. 

A low pressure system north of Japan rapidly 
drew Gay northward and quickly initiated an extra- 
tropical transition with Gay merging completely 
with the existing low center. 


TYPHOON HAZEN 

A disturbance associated with enhanced convec- 
tion began to develop in an elongated trough 
east of Guam on November 12. 

Aircraft reconnaissance data at 14/0000 found 
a closed circulation with maximum surface winds 
of 35 kn, thus the disturbance became tropical 
depression 25. Aircraft reconnaissance later 
that evening reported the surface pressure had 
dropped to 990 mb, prompting upgrading to tropical 
storm Hazen with estimated maximum winds of 40 kn. 
Satellite imagery at this time showed the develop- 
ment of an intense, 150 mi diameter, convective 
mass. 

Tropical Storm Hazen's southwestward path took 
it over the northern tip of Saipan between 0300 
and 0600 on the 15th. Maximum sustained winds 
of 35 kn with gusts to 62 kn were reported by the 
Saipan weather office. Minor structural damage 
and many downed trees and power lines were 
reported. 

Hazen then passed 60 mi north of Guam at 1200 
and began a more westerly movement. Winds near 
the center were estimated to be 55 kn at this 
time but only the weaker southern quadrants passed 
over Guam, where winds of 15 kn were reported with 
some heavy showers. 

Hazen was upgraded to typhoon strength at 1800, 


3 hr before aircraft reconnaissance reported 
surface pressures of 957 mb and estimated surface 
winds of 90 kn. After passing Guam, Hazen rapidly 
intensified to his maximum intensity of 100 kn as 
it followed the more westward track. Early oa 
November 17 Hazen began to interact with a mid- 
latitude trough and was drawn northwestward into 
an area of increased vertical wind shear. Hazen 
weakened as the upper-level outflow channels to 
the north diminished. As the trough passed to 
the east, Hazen resumed westerly movement and 
reintens ified. 

As Hazen approached the Philippines a slow 
weakening occurred as part of his circulation was 
interrupted by the mountainous terrain of the 
islands south of Luzon. Hazen passed just south 
of Catanduanes Island at 19/1200 and entered the 
South China Sea 18 hr later. Highest recorded 
winds were 65 kn at Catanduanes Island. As Hazen 
entered the South China Sea no intensification 
occurred over the warm water due in part to the 
severe interactions between the low-level circula- 
tion and the mountainous terrain of southern 
Luzon; the loss of strength just could not be 
overcome. Hazen continued to weaken as he tracked 
toward Hanoi, eventually making landfall 150 mi 
east-northeast of Hanoi and then dissipated over 
the hilly terrain of southeast China. 


SUPER TYPHOON IRMA 

Super Typhoon Irma was the second of three 
tropical cyclones (Hazen, Irma, and Jeff) to form 
in an active equatorial trough between 150°E to 
170°E near 10°N during the middle weeks of 
November. Reaching a maximum intensity of 135 kn 
and a minimum sea-level pressure of 902 mb, Irma 
was the strongest of the three storms, and 
fortunately, also the best “behaved” and the 
easiest to forecast. 

When the area of enhanced convection that 
eventually became Typhoon Hazen formed near 10°N, 
165°E on November 10, a zone of strong convective 
activity, located between 8°N and 10°N, stretched 
eastward from 165°E to 150°W. During the follow- 





— “ A 
Figure 15,--Supertyphoon Irma near maximum inten- 
sity at 0450 on the 22d. Four hours later the 


eye was described as an "...excellent stadium 
effect (with) layered clouds up to an overhead 
fishbowl...". NOAA 7 infrared image. 
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Figure 16.-- Surface/gradient streamline analysis 
for 23/0000 showing the low-level flow into 
supertyphoon Irma and tropical storm Jeff. 
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Figure 17.-- Streamline analysis for 200-mb at 


22/1200. Note the broad ridge and strong 


out- 
flow over Irma as compared to Jeff. 











Figure 
the 
ing 


194 


18.-- The Philippine ship REYNA FILIPINA begins to list in the shallow waters of Manila Bay on 
24th, a victim of typhoon Irma,which hit the Islands with 110-kn winds. Crewmembers are stand- 
on the side of the hull after she rolled over. No one was reported injured, Wide World Photo. 








ing week, westward propagating cloud clusters 
supported by convergence in the low-level easterly 
flow plus a strong upper-level divergent pattern, 
could be seen forming and dissipating along the 
entire zone. 

The convective disturbance that spawned Super 
Typhoon Irma was first mentioned in an advisory 
on November 15 but did not develop significantly 
until the 18th. The following morning, an air- 
craft investigative mission found a central sea- 
level pressure of 1003 mb with 30 kn winds and 
the first warning was issued on tropical depres- 
sion 26 at 19/0000. 

Tropical storm Irma passed just north of Guam 
at 18/2230. Fortunately, at this time, the storm 
was intensifying very slowly and the strongest 
winds were away from Guam, in the northeast 
quadrant. In fact, Guam did not receive its 
strongest winds until nearly 8 hr later (29 kn 
with gusts to 43 kn, at the Naval Air Station, 
Agana) when the storm began to deepen west of 
Guam. 

Based upon the experience gained from Typhoon 
Hazen, JTWC's initial forecast tracks ignored 
the temptation to forecast an early recurvature 
into an advancing front just north of Guam. It 
was deemed, that as in the case for Hazen, the 
strongest westerly winds associated with the 
front would pass too quickly to affect the storm. 

When the frontal system passed Irma and moved 
off to the east, the ridge at 500 mb built to the 
north and west of the storm. This ridge persisted 
along 18°N throughout Irma's track toward the 
Philippines. Although the ridge was quite narrow 
and elongated, it appeared to shelter Irma from 
the effects of the strong westerly flow north of 
20°N. JTWC was able to monitor the strength of 
this ridge with the aid of several 500 mb synoptic 
tracks flown by the 54th Weather Reconnaissance 
Squadron. 

The 2254 on the 20th weather reconnaissance 
mission found that Irma's pressure had dropped 
to 968 mb with 68 kn surface winds (85 kn, 700- 
mb flight-level winds) and that a 40 mi diameter 
eye had developed. In post-analysis, Irma was 
upgraded to typhoon status at 20/1800. By 
21/0900, aircraft data was applied to JTWC's 
empirically derived relationship between sea-level 
pressure and 700 mb equivalent potential tempera- 
ture and suggested the potential for rapid deep- 
ening below 925 mb within the next 12 to 36 hr. 
Twenty-four hr later, the aircraft reconnaissance 
mission verified this prediction with a 905-mb 
minimum sea-level pressure, low enough to qualify 
Irma as a Super Typhoon (fig. 15). Irma remained 
at super typhoon strength for near 16 hr before 
slowly weakening as the western half of the 
circulation field began to interact with the 
outer edges of the Philippine Islands (figs. 16 
and 17). 

Although Irma steadily weakened before making 
landfall at 24/0900 with 85 kn winds about 60 mi 
northeast of Manila, she still caused widespread 
destruction. Reports from the Philippines indi- 
cated more than 200 deaths with hundreds injured 
and a damage estimate as high as $9 million. 

This included the almost total destruction of four 
coastal towns in the province of Camarines Sur, 
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170 mi southeast of Manila, due to 50 ft storm 
surge waves and the capsizing of a ship in Manila 
Bay (fig.18). 

Irma lost her typhoon strength winds at 24/1200 
just before entering Lingayen Gulf and the South 
China Sea. Aircraft reconnaissance 10 hr later 
found the storm moving north and poorly organized 
with strong convection and winds only on her 
north side. By 25/0900, Irma's upper-levels began 
to shear towards the northeast and Irma began to 
recurve into the Luzon Straits in advance of a 
trough moving off of Asia. Irma managed to linger 
on for another 2 days before finally becoming 
absorbed into a cold front on the 27th just south 
of the Ryukyu Islands. 


TYPHOON KIT 

Typhoon Kit was unlike most December tropical 
cyclones in that it had a prolonged lifetime (40 
warnings) and attained a maximum intensity well 
over 100 kn. Kit's origin was not uncommon for 
late season tropical cyclones; during early 
December, the winter near-equatorial trough had 
established itself south of 10°N as the tradewind 
easterlies merged with northeasterlies from higher 
latitudes placing the westernmost extension of 
the trough in the Philippine Sea. 

Reconnaissance aircraft found closed off 
circulation center near 10°N, 148°E early on the 
llth and the first warning on tropical depression 
28 was issued. The 1200 warning upgraded TD-28 
to tropical storm Kit based on aircraft data 
which indicated tropical storm strength winds in 
all four quadrants. 

A westward track was anticipated taking Kit 
just south of Guam and all reconnaissance aircraft 
were evacuated to Clark AB after the 12/0849 fix 
to avoid the expected destructive winds on Guam. 
As a result, warnings issued during the ensuing 
25 hours were based entirely on satellite data. 
Thus, nighttime irfrared imagery had to be 
scrutinized for subtle details which could help 
locate the low-level center. Thanks to the 


GRAVITY CENTER 





Figure 19.-- Typhoon Kit 165 mi west of Guam, Note 
the textured cloud pattern, often referred to 
as gravity waves. These are frequently seen in 
rapidly developing tropical cyclones prior to 
development of an eye. NOAA 6 visual image. 





efforts of satellite operations personnel from 
Detachment 1, 1WW, Nimitz Hill, Guam, the fixes 
received during this period were highly accurate. 

Just after Kit passed south of Guam, reconnais-— 
sance aircraft indicated a central pressure of 992 
mbs which revealed that no appreciable development 
had taken place during the 25 hr period between 
aircraft penetrations. However, during the 2 days 
that followed, Kit intensified and reached a peak 
of 105 kn before weakening slightly to 95 kn on 
the 16th. Figure 19 shows Kit early in this 
intensification period. 

Kit turned sharply northward on the 14th but 
was headed westward again on the 16th. Following 
the resumption of a westerly track, Kit began to 
reintensify as she moved into a position that 
allowed strong upper-level westerlies to provide 
an excellent outflow channel to the northeast. 

At 17/0830, a reconnaissance aircraft measured a 
924-mb central pressure, or approximately 115 kn 
maximum winds. During the next two days, Kit 
steadily weakened and by 19/1800, had lost typhoon 
force winds. Kit was downgraded to a depression 
on the 20th and the final warning was issued at 
0000 on the 21st. 


“SO WHO SAYS ITS A PACIFIC OCEAN’ 


"Lt. RG. 





TYPHOON LEE 

On December 21, as Kit was dissipating in the 
western Philippine Sea, an area of convection 
began organizing west of Truk Atoll. Strong 
northerly winds, previously feeding into Kit, 
began moving toward the eastern Philippine Sea, 
thus closing the western end of the near- 
equatorial trough southwest of Guam. At 22/2100, 
Yap reported a 5-mb pressure fall in a 9 hr 
period. 

TD-29 was upgraded to Tropical Storm Lee at 
0600 on the 23d. Lee moved west-northwestward in 
response to a mid-latitude shortwave trough moving 
off of Asia. Once this trough moved on, Lee 
turned toward the west into the Philippines. Lee 
intensified rapidly, reaching typhoon strength at 
0000 on the 24th and, subsequently, attaining a 
peak intensity of 95 kn. Shortly after reaching 
maximum intensity, Lee began crossing the 
Philippines and a rapid weakening trend followed. 
Just 24 hr after reaching 95 kn, Lee entered the 
South China Sea with an estimated intensity of 40 
kn, reaching a maximum of 55 kn on the 27th while 
turning northwestward. Lee turned toward the 
northeast on the 28th and rapidly dissipated. 
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Ross, USCG 


Marine Safety Office, Hampton Roads 
Norfolk, Va. 


O° January 19, 1981 the 21,700-ton CHI STAR, 
under stern tow by the tug KOYO MARU, arrived 
at Guam after a 43 day 2,300 mi struggle for sur- 
vival. 
8, 1980 when severe holing was discovered in the 
bow. At the time, CHI STAR was north of Midway 
enroute from Los Angeles, Calif. to Sakai, Japan 
with a load of coal. Also in the area north of 


Midway was the Mid-Pacific High. 





Figure 20.-- The starboard bow of the CHI STAR 
showing the upper edge of the hole. She was in 
stern tow by the -ug KOYO MARU and 6-ft down 
by the bow. 


The CHI STAR's odyssey started on December 





Figure 21.-- The stem viewed from the port side 
at the upper edge of the hole. 
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Figure 22.-- The upper chamber of the forepeak 
tank viewed from theport. Double column chain 
lockers are visible in the upper-right corner. 


When the extent of the damage was realized, 
the CHI STAR proceeded to Midway and anchored 
out of the harbor to await assistance. The KOYO 
MARU arrived from Japan ready to make temporary 
repairs; however, sea and current conditions pre- 
cluded making temporary repairs at the outside 
anchorage. The Navy denied permission to move 
into a more sheltered inside anchorage and the 
CHI STAR began its long backward trek to Guam. 

Temporary repairs were necessary to enable CHI 
STAR to safely transit the rough winter weather 
expected in waters closer to Japan. When Midway 
was ruled out Guam became the next alternative. 

As shown in the photos and sketches (figs. 20 





through 24) the CHI STAR suffered serious damage Figure 23.-- Looking through the bow from starboard. 


forward of the collision bulkhead. The collision 
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Figure 24,.-- Sketch of the bow of the CHI STAR. 
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bulkhead was known to be leaking. Due to concerns 
about the vessel's condition and the potential 
threat to the environment and navigability of 

Apra Harbor (the only deep water U.S. port in the 
western Pacific and part of an important Naval 
Base) LCDR Rich Asaro, Executive Officer of MSO 
Guam, and I boarded the CHI STAR at sea for a pre- 
entry survey (Lt. Ross was assigned to the Guam 
Marine Safety Office at that time.) 

We boarded the CHI STAR several miles off the 
harbor entrance in swells of 6 to 7 ft. After 
conferring with the Master, the Salvage Master, 
the Pilot and the American Bureau of Shipping 
representatives, we went forward to check the 
damage to the extent possible. The sights and 
sounds at the bow were indescribable. The first 
thing we noticed was the definite down slope of 
the deck. The next thing was the whistling of 
the cofferdam vents. Stepping into the forecastle 
we noticed a strong “breeze” at the door -- first 
in our faces, then at our backs. Moving forward 
in the forecastle, we found the source of the 
breeze. 

As swells passed beneath the hull water rose 
and fell in the open forepeak tank. The rising 





and falling water caused hurricane force winds 
first out of and then into the deck hatch forward 
in the forecastle. This wind resulted from swells 
of only 6 to 7 ft. The forces from the consider- 
ably higher seas in the area of the Mid-Pacific 
High must have been extreme. This action undoubt- 
edly helps to explain how the damage progressed 

to the final stages shown here. Of course, the 
initial cause was not known and may well never be 
known. 

The temporary repairs made in Apra Harbor 
consisted of building an internal steel supporting 
structure over which plates, fabricated on the 
KOYO MARU, were welded. The work was performed 
by surface supplied hard hat divers from the KOYO 
MARU. The CHI STAR, accompanied by a salvage tug, 
departed Guam in late February enroute to Japan 
for permanent repairs. 

If there is a moral to this story, I suppose 
it must be to avoid the Mid-Pacific High in the 
winter. Two days after the CHI STAR left Guam, 
the MARCONA TRADER, enroute to Japan with a load 
of U.S. coal, reported that it suffered two 8x28 
ft holes forward of the collision bulkhead while 
transiting the area of the Mid-Pacific High. 
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SHIPBOARD ENVIRONMENTAL DATA ACQUISITION SYSTEM (SEAS) 


A REPORT ON DEPLOYMENT AND TESTING 


Vince Zegowitz 
National Weather Service, NOAA 
Silver Spring, MD 


he NOAA ship SURVEYOR (fig.25) put to sea from 

Kodiak, Alaska during June 1982, and headed 
for the Bering Sea. Onboard was a candidate unit 
for the Shipboard Environmental Data Acquisition 
System (SEAS) being tested by the Marine Services 
Branch of the National Weather Service (NWS). 
This unit was designed to collect marine oceano- 
graphic and meteorological data and to transmit 
these data, in their standard BATHY and Ship's 
Weather Observation formats via satellite, into 
the appropriate synoptic data bases at the 
National Meteorological Center (NMC) for opera- 
tional use. Simplicity, accuracy, and timeliness 
were obvious points of interest. This concept 
of a satellite-based system provides a degree of 
reliability and timeliness far better than the 
conventional methods of high frequency communica- 
tions and is intended to substantially augment 
the existing voluntary observing ship's programs. 

This article covers activities leading up to 
and including the successful testing of this unit 
during its initial at-sea deployment. Areas of 
coverage include: (1) preliminary planning; (2) 
equipment description; (3) shipboard activities 
and testing; and (4) results. Essentially stated, 
the planning and preliminary checks were straight 
forward; the equipment operated extremely well; 


the testing and actual data transmission from 
ship to data base was most successful and a number 
of suggestions for a more improved and efficient 
future operation were obtained. 


PRELIMINARY WORK 

Preliminary planning and system checks were 
carried out during May and the first week of June 
1982. The steps necessary to establish a commu- 
nications path from a shipboard location to the 
NMC data bases are not necessarily difficult, but 
can result in some consternation while tracing 
down meandering leads in pursuit of the desired 
goal. New terminology had to be acquired. I.D. 
codes, addresses, data descriptors, time-slots, 
category numbers, satellite and channel assign- 
ments had to be explained, understood, and 
obtained in their proper sequence. 

For this initial at-sea testing of SEAS, the 
equipment consisted of a GOES Data Collection 
Platform (DCP), an omnidirectional (GOES compati- 
ble) antenna and 50 ft of coaxial cable. The 
DCP itself was composed of a transmit module, a 
master control module, an uninterruptible power 
supply, and a hand held programming terminal. 
Minimal programming was included enabling entry 
of channel selection, National Earth Satellite 
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Figure 25.--— NOAA ship SURVEYOR. 


Service (NESS) address identification, and the 
data itself. Manual entry of the data conformed 
to the standard ship and bathy formats for ship 
surface meteorological and XBT observations. 

What was entered in alpha-numeric characters on 
the terminal is what came out of the pipe at the 
other end. The unit was equipped with an 80 
character limitation, but is capable of expansion 
to any reasonable capacity. Transmitter power 
was 12 watts which, after attaching 50 ft of coax 
cable between it and the antenna, reduced the 
actual output power to something over 6 watts. 
Ground stations at Boulder, Colo., and Wallops 
Island, Va., provided readouts of the transmitted 
data and accompanying signal strength indicators. 

The equipment was activated and satisfactorily 
tested at the Gramax Building in Silver Spring, 
Md. With this preliminary work accomplished there 
remained to test the system during an operational 
at-sea deployment. 

Accordingly, I departed Washington, D.C., on 
June 8, carrying the DCP in one hand and the 
antenna and 50 ft of cable in the other. The 
conically shaped antenna and the accompanying 
passed the rigors of baggage handling with a 
remarkable amount of personal attention since 
there seemed to be a great deal of similarity 
between it and a deactivated nuclear warhead. 

On June 10, the SURVEYOR arrived on schedule 
at the Coast Guard Base at Kodiak, Alaska, and I 
made my way onboard a short step ahead of a 
serious confrontation with an inflated local 
economy. 

The onboard space, provided for me and the 
equipment, was more than sufficient for the 
testing to be performed. The area was located 
aft of the bridge and directly opposite the radio 
room on the starboard side. Since the DCP 
occupies less than one (1) cubic foot of space, 
size was no problem at all. Also provided was a 
convenient 110V/AC outlet for power and a through- 
the-bulkhead fitting to string the antenna cable. 
The space was located beside the XBT strip chart 
recorder for convenience in data availability. 

The XBT deck launcher was located aft on the 
starboard side of the poop deck. 

Setting up the DCP took only the time necessary 
to unpack the unit, plug in the power cord and 
screw in the programmable terminal. It was then 
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lashed down to the bench to protect against ship 
movement. Selection of an appropriate antenna 
location was of a more critical nature. Since 
ideal antenna locations are as far removed from 
large metal masses and radiating power sources 
as possible, shipboard locations are somewhat 
restricted. Initially, the antenna was located 
on the flying bridge level aft of the foremast, 
but was shifted to the top of the funnel after 
low DB power levels indicated a shift in location 
could be beneficial. 

On Monday, June 14, the SURVEYOR put to sea, 
crossed Albatross Bank and proceeded southwestward. 
On the 16th, the course shifted to the northwest, 
crossed the Davidson Bank, passed through Unimak 
Pass and turned northeastward following the north 
shore of the Alaska Peninsula into the northeast- 
ward corner of Bristol Bay and on to Nushagak Bay 
where we arrived on June 18. The ship remained 
at this position in support of mammal research 
being conducted by BLM/OCS, ADF&G and Hubbs Sea- 
World. 

During the transect, four (4) XBT drops were 
made. While in Nushagak Bay only an additional 
three (3) drops were made due to the shallow 
water depth at the anchorage (12-14 m), making a 
total of 7 XBT drops. Starting at 0600 June 15, 
through 1800 June 30, forty-four (44) ship's 
weather observations were taken, prepared, and 
entered into the SEAS and transmitted over the 
GOES satellite system. 

A typical evolution in reporting an observation 
was as follows. If the observation was an XBT, 
then the probe would be launched, data recorded 
on a strip chart and then digitized, by hand, 
into the standard XBT format. If meteorological 
data, the ship's weather observations log sheet 
would be completed, which is itself the standard 
format. Now the data was ready to be entered into 
the DCP. A push button activated the DCP using 
sufficient lead time (approx. 5 min) prior to the 
established time slot so that there was no rush 
to complete the message. Holding the terminal 
in one hand, the primary steps were entered by 
typing the characters with the other hand: 
satellite channel, NESS address and time slot-- 
very simple. Next came entry of the data itself, 
in exactly the same standard XBT or ship weather 
format, character for character, space for space. 
After completing entry, a scroll back capability 
enabled a check of the data. A one button command 
placed this data into storage and the transmitter 
into stand-by. At the designated time (in our 
case 1 min slots of 0011 and 0029) a push on 
another button triggered the transmitter and the 
display printed an “OK” at the end of transmission. 
All future units will have pre-programmed entry 
of channel, time, and address information, a 
stand-by buffer, and a timed transmission capa- 
bility. Only the entry of the data, through a 
prompted program with data checks, will be 
required. 

Dual monitoring at both Boulder, Colo. and 
Wallops Island, Va., was an advantage most plat- 
forms don't have. With this in mind, the follow- 
ing statistics resulted: 





Ship Weather Obs. XBT Obs. 
Total Msg's. Sent 44 7 
Rec'd. by both Sta.'s 32 5 
Error Free 
Rec'd. by either Sta. 40 6 
Error Free 
Rec'd. by both Sta. 4 0 


With Errors 


The one unaccounted XBT message is exactly 
that, unaccounted for. Neither station has a 
record of receiving it, or even a garbled portion 
of a message. It is possible that it was entered 
into the unit for transmission but was never 
manually keyed to the satellite. The test unit 
had no facility for hard copy generation, as 
future units will, to aid in record keeping. 

Four (4) ship weather messages were received 
by the Boulder station that contained a very few 
garbles in the text. There is no record of 
receipt for these messages at NESS. This is most 
probably due to the 48 hr message cue NESS main- 
tains for outside interrogation. Non-interrogation 
during a 48 hr period causes the cue to be deleted 
of content. The data is still entered into the 
synoptic data bases and used in forecast genera- 
tion, but only stays in the interrogatable file 
for 48 hr. It is also possible that this was 
the fate of the lone XBT message. 

The four garbled messages received exhibited 
low-power levels (32.8-42.0 DB). Accurate levels 
of power output to ensure optimum reception have 
been the subject of debate for some time. Almost 
maximum geographic distance from the satellite, 
low angle of acquisition and minimum power source 
provided a good test of theory. The SURVEYOR 
provided a perfect platform for this testing. A 
numerical listing of ship weather messages, power 
level reception by ground stations and difference 
between the readings were obtained. An increase 
of power at the transmitter would certainly be a 
first step in rectifying garbled transmission. 

In addition to signal strength, the frequency 
error, modulation index and modulation quality 
were also monitored at NESS. In every instance 
but one (1) all readings were: zero (0) frequency 
error and normal modulation index and quality. 

An interesting item of note is the apparent 
lack of consistent correlation between low level 
DB signals at the ground station and garbled or 
incomplete messages. Extremely low readings 
provided error free data as well as the higher 
signal strengths. This should be grist for the 
engineers to grind around. 


SUGGESTIONS AND ITEMS OF NOTE 


e Selection of time slots for ship weather 
messages should be made as soon as possible 
after the synoptic hour to ensure inclusion 
of data in the ship data base used for 
generating the synoptic analysis. 





e The incoming data should be monitored at 
NMC to ascertain entry into the appropriate 
data base--or determine why not. 


e Transmitter power levels should probably be 
increased somewhat for long haul operations. 


e Antenna siting should receive careful con- 
sideration, but be flexible. The vagueries 
of radiation can make an ideal looking, 
engineeringly sound position a wash-out. 

An educated trial and error system is very 
productive. 


e A 10-40 watt transmitter stands little 
chance when simultaneous keying occurs on 
a nearby long-wire antenna using 1KW. 
Foreknowledge of transmission schedules can 
avoid this problem. 


e The equipment itself was totally reliable 
and performed exactly as specified. 


e The use of the SURVEYOR for additional 
testing would make use of a prime platform. 


SUMMARY 


e Satellite transmission of data from a sea- 
going location has arrived at a low cost 
(approximately $5,000 per unit). 


e The SEAS system was successful: ease of 
operation, minimal installation effort and 
little intrusion on shiptime or resources 
was demonstrated. Input into the NMC data 
bases for synoptic forecasting was accom- 
plished. 


e This test further demonstrates that the 
SEAS concept is practical as an ingredient 
in the Ocean and Atmospheric Reporting 
System (OARS) and can play a vital part in 
providing timely, reliable and accurate 
data from the world's oceans. 


e Manual entry system should be implemented 
initially due to ease of use and installa- 
tion, low cost, and excellent return on 
investment. 


e@ The time is propitious for deployment of a 
few units on selected vessels to obtain 
actual data plus provide for more rigorous 
testing. 


Additional information on test results or 
questions concerning the SEAS program can be 
obtained by contacting: 


Vince Zegowitz 

8060 13th Street 
OA/W112x1 - Room 1213 
Gramax Building 
Silver Spring, 
(301) 427-7278 


MD 20910 





Hints to the Observer 


WIND-CHILL CHART: KNOTS AND KILOMETERS PER HOUR VERSUS DEGREES CELSIUS 
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Tips to the Radio Officer 
Larry Murphy 
National Weather Service, NOAA 
Silver Spring, Md. 
RADIOFACSIMILE PROGRAM AVAILABLE IN GULF OF MEXICO 0900 18 AND 36 HOUR SURFACE PROGNOSIS 
0915 SURFACE ANALYSIS 
On January 1, 1983, a new radiofacsimile ser- 0930 FORECAST AVIATION MARINE 
vice will begin at WLO, Mobile Marine Radio, Inc., 1200 SIGNIFICANT WEATHER FEATURES 
Mobile, Alabama. The broadcast will reach all 1215 SCHEDULE (MONDAY ONLY) 
marine interests in the Gulf but is aimed pri- 1500 OFFSHORE MARINE FORECASTS 
marily at mariners operating north of 25°N. 1515 SURFACE ANALYSIS 
1630 FORECAST AVIATION MARINE 
Broadcasts are made on the following fre- 1800 SIGNIFICANT WEATHER FEATURES 
quencies: 2100 18 AND 36 HOUR SURFACE PROGNOSIS 
6850 MHz 2115 SURFACE ANALYSIS 
9157.5 MHz 2200 SEA SURFACE TEMPERATURE FOR EASTERN 
11145 MHz. GULF (TUESDAY AND SATURDAY) 
2200 SEA SURFACE TEMPERATURE FOR WESTERN 
The radiofacsimile broadcast schedule is as GULF (THURSDAY AND SUNDAY) 
follows: 2200 GULF STREAM LOOP CURRENT CHART (MON- 
DAY, WEDNESDAY, AND FRIDAY) 
TIME(GMT) PRODUCT 
0000 SIGNIFICANT WEATHER FEATURES These products are produced by NOAA's Ocean 
0300 OFFSHORE MARINE FORECASTS Services Center at the National Weather Service 
0315 SURFACE ANALYSIS Forecast Office in Slidell, Louisiana. 
0600 SIGNIFICANT WEATHER FEATURES 
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Marine Observations Program 


J.W. Nickerson 
National Weather Service, NOAA 
Silver Spring, MD 20910 


MARINE WEATHER OBSERVAT IONS 

We need your observations! 
forecasts. Synoptic means something akin to a 
photograph. At each synoptic hour by plotting 
all of the ship and land weather reports a fore- 
caster can draw a picture of what the weather is 
like over the entire area of the map. The detail 
of this synoptic weather map depends upon the 
number of weather reports. Only you know the 
weather at your ship's position. Help us fill 
the holes on a weather map; at present, we have 
holes on the weather map big enough to run a 
hurricane or typhoon through. 


We turn them into 


INMARSAT 

To help expand the ship weather reports 
received and the area coverage, we are now ac~ 
cepting and paying for weather observations in 
the eastern Pacific by the International Maritime 
Satellite (INMARSAT) system. To be more specific 
it is the area north of the Equator and east of 
the Date Line(180°) to the coast of North America. 
All of the observations are important, of course, 
but more 1200 GMT observations are needed for the 
morning forecast in the eastern Pacific. Unfor- 
tunately, this occurs very early in the morning. 
If the report cannot be transmitted because the 
radioman is off-watch, please send the 1200 obser- 
vation as soon as he resumes his duties. 


FEDERAL COMMUNICATIONS COMMISSION (FCC) 
Docket No. 79-339 

This ruling, in part, exempts cargo ships on 
domestic voyages along the coasts of the U.S. from 
carrying radiotelegraph (Morse code). This may 
have a negative effect on maintaining enough ship 
weather observations. Plans are in operation to 
improve the receipt of ship weather observations: 
INMARSAT, the Nearshore Observations Program, and 
the “Pride of Baltimore” test. 
NEARSHORE OBSERVATIONS PROGRAM 

There has always been a shortage of ship obser- 
vations from the coast to 20 mi offshore. Various 
other distances to 100 mi have been suggested for 
the Nearshore Zone. The ships in the Nearshore 
Observations Program(NOP) will be making obser- 
vations in the WMO Ship Synoptic Code, FM 13-VII 
SHIP, just the same as the ships in the Coopera- 
tive Ship Program (CSP). The big difference is 
that the nearshore ships will be using single 
sideband radio and reporting the numbers of the 
synoptic code by voice. This is already being 
done by some ships now. 


THE PRIDE OF BALTIMORE 

This is a schooner that joined the NOP in 
September 1982. It will travel rather slowly 
down the East Coast, through the Caribbean to 
the Panama Canal. From there it will sail north- 
ward to Canada. During this voyage it will be 
contacting all of the Coast Guard radio stations 
along the way by single sideband radio to report 
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weather in the synoptic code. The Coast Guard 
will use the Pride as the subject of a study to 
determine the number of voice reports that can be 
handled. 


WHY THE SYNOPTIC CODE? 

The synoptic code is used by the CSP ships 
using radiotelegraph and the NOP ships using 
single sideband radio. The synoptic code, once 
entered into the communications system, can be 
handled by computers and distributed throughout 
the National Weather Service (NWS) and World 
Meteorological Organization (WMO) systems. At 
the National Meteorological Center (NMC) the ship 
observations are used in the computer models 
which are used by the forecasters. The observa- 
tions are also used in the development of the 
climatological base for many of the computer 
programs. 


BONUS BOOKS 

The PMO's have books available for participa- 
ting ships in the CSP and NOP: Marine Weather 
by Nathaniel Bowditch (updated through 1977), 
and Weather and Climate of Great Lakes Region 
by Val L. Eichenlaub, 1979. 

These books are to help mariners understand 
marine weather a bit better. They are not an 
award book as NWS does not, at this time, have 
an awards program. We are calling them a bonus 
book--a way of saying thanks for helping. 

The PMO would be pleased to use the occasion 
to send a picture and an article to your hometown 
newspaper. These two pictures of crews (figs.26 
and 27) participating in the CSP are from the 
S.S. INGER, Reynolds Metals Company, Corpus 
Christi, Tex., and the S.S. ALASKAN, Union 
Carbide Corp., Texas City, Tex. 





WHERE THERE'S A WILL, THERE'S A WAY 





Figure 26.--Crewmen from the INGER, L. to R. Capt- 
ain Lawrence Dyer, Master, Charles Kent, Chief 
Mate, James Lay, Second Mate, William Casto, 
Radio Officer. 





SPECIAL SERVICE AWARD 

The National Hurricane Center (NHC), Miami, 
Fla., presented Captain Hal Lane, S.S. PATRIARCH, 
a Special Service Award. Captain Lane relayed 
several very crucial observations of hurricane- 
force winds and over 30-ft seas through his 
company office to NWS. These observations’ 
delayed the Newport to Bermuda Yacht Race for 
an unprecedented second day and very likely 
prevented a yacht race disaster worse than the 
Fastnet Yacht Race disaster off the British 
Isles in August 1979. 


Jerome W. Nickerson (fig. 29), Marine 
Observations Program (MOP) Leader, NWS, is 
presenting a Special Service Award for Dr. Neil 
Frank, Director, National Hurricane Center, to 
Captain Hal Lane. The tug PATRIARCH is in the 
background. 





Figure 27.-- Crewmen from the ALASKAN, L to R, 
Julius Soileau, NWS PMO, Houston,TX, Captain a 
Abbott Gertsen, Master, Peter Horan, Third Mate, » 

Robert Beck, Radio Officer, Louis Schwager, 
Chief Mate, and the Chief Engineer. 


When the barograph (NWS 524-56) clock quit 
and refused to tick another tick, Second Officers 
D.J. Milne and R.J. Glossop developed a new sys- 
tem for driving the barograph of the ENNA G (fig. 
28). They found a 7-day barograph clock and, 
as can be seen on the accompanying photo, skill- 
fully adapted it to drive the 4-day NWS barograph. 
A gear has been removed from the NWS instrument 
so it is “free-wheeling” and the loop of cord 
acts as a drive belt. An outstanding bit of 
engineering and it works! 





Figure 29.--Marine Observations Program leader 
Jerome Nickerson presents the award to Captain 
Hal Lane, 


HARBOR PILOTS JOIN NOP 

At the American Pilots Association Conference 
in Charleston, S.C., October 19-22, 1982, J.W. 
Nickerson, MOP, gave a speech on the need for 
coastal ship observations as part of the NOP, 
i.e., in the WMO ship synoptic code. The pilot 
boats that have no convenient means for radio 
communications were requested to make and record 
weather observations in the synoptic code. In 
general, coastal climatological data is very 
sparse. These data contribute to the data base 





for many things: computer models for forecasters, 

water temperatures for fisheries, general climate 

Figure 28.-- The barograph as rigged up on the for fishermen, beach erosion, coastal engineering, 
ENNA G by 2d Officers Glossop and Milne. etc. 


The response was very good and we welcome the 
pilots to the NOP. 





WE OF NOAA ARE MAKING USE OF THIS SMALL AMOUNT OF SPACE TO EXTEND 
OUR THANKS TO ALL THE SHIPS' OFFICERS WHO ROUTINELY TAKE SHIPBOARD 
WEATHER OBSERVATIONS. TO US, THESE EXCELLENT OBSERVATIONS ARE 
PRICELESS. WE CERTAINLY DO APPRECIATE RECEIVING THEM REGULARLY. 
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The Editor’s Desk 


YO-YO DEVICE TESTED SUCCESSFULLY ON NASA BALLOON 


What may be the world's biggest yo-yo will help 
scientists study the earth's atmosphere. The 
project is part of the NASA Balloon Program 
managed by the Goddard Space Flight Center's 
Wallops Facility, Wallops Island, Va. 

An instrumented device is borne to high alti- 
tudes by balloon, lowered into the atmosphere to 
make readings and then hoisted up again using 
energy generated and stored during descent as a 
yo-yo does. 

The reel-down instrument package can be lowered 
16 km (10 mi) below the balloon and hoisted up 
again. A recent NASA test of the device at the 
National Balloon Facility in Palestine, Tex., 
was highly successful. 

A 26 million cubic foot balloon with the in- 
strument package rose to 40,538 m (133,000 ft). 
The package was reeled down to 12,192 m (40,000 
ft) below the balloon in about 27 min and then 
reeled back up in about 36 min. The required 
energy for the reel-back came from 54 kg (120 
lb) of storage batteries. The instrument 
package was released from the balloon on a 
parachute near Tyler, Tex., where the payload 
was recovered. 

Scientists hope to use this system on long 
duration balloon flights on which the package 
will be lowered and hoisted 10 to 12 times, 
sampling the chemistry of the stratosphere at 
different altitudes, times of day, and loca- 
tions. 

The primary purpose is to make extensive 
measurements to help resolve whether the strato- 
spheric ozone layer is seriously threatened by 
synthetic chemicals, such as the fluorocarbons 
used as refrigerants and, to a diminishing extent, 
as spray can propellants. 

Project scier.iztt Dr. James G. Anderson, 
professor of atmos:’ ric chemistry at Harvard 
University, hopes ti.ut flights of 2 or 3 mo 
can eventually be accomplished. The reel-down 
system was designed and fabricated by the Harvard 
group under contract to NASA. Launch and flight 
operations were conducted by personnel of the 
Balloon Facility in Texas. 


SATELLITES LOCATE SHIPS AND PLANES IN TROUBLE 


The Soviet spacecraft, COSPAS 1, launched June 
30 is the first satellite in a network to locate 
aircraft and ships missing or in distress. A 
four-nation program developed the system. The 
Russians and Americans are building the satel- 
lites, and Canada and France are building ground 
stations and electronic equipment for the United 
States satellite. The first American spacecraft 
is scheduled to be fired in orbit Feb. 15, 1983, 
with a weather satellite. 

The United States and Canada started on the 
project in 1976 as a means of saving lives and 
cutting search costs. The satellites can receive 


204 


the signals from emergency transmitters carried 
aboard ships and planes. France joined the 
project in 1977 and the Soviet Union in 1978. 

The Soviets are to launch two satellites and the 
United States three. The Soviet satellite is in 
a test phase and should be operational in January 
1983. 

During this test phase the satellite located a 
downed aircraft in British Columbia while over 
Canada on Sept. 10, 1982. Searchers in aircraft 
had not been able to locate the Cessna 172 which 
had crashed in tall trees in rugged high moun- 
tains. 

The system was designed to locate a craft 
within 10 to 12 mi and to 3 mi in later equip- 
ment. In a test at NASA's Goddard Space Flight 
Center COSPAS 1 located the transmitter within 
2.5 mi. NASA manages the international effort. 


WIND SENSOR BEING DEVELOPED FOR MARITIME USE 


A propeller-vane type wind sensor is being 
developed by NDBO for use on buoys and coastal 
stations. The primary goal of this effort is a 
low-cost, small, light-weight, rugged, and 
reliable anemometer/wind vane that is, in addition, 
easy to manufacture in quantity. 

A contract was let to design and fabricate 
three different prototype units based on NDBO's 
specifications and general overall concepts. 
These wind sensors have been delivered to NDBO 
and are presently under evaluation to identify 
any modifications which are needed for a follow- 
on design. It is expected that the correction of 


the design deficiencies identified by the present 
series of tests on the three prototypes will 
yield an operationally qualified wind sensor. 

The most important features of the present 





Figure 30.--A photograph of the prototype wind 
sensor being developed. 





designs (fig. 30) are a vacuum molded polyvinyl- 
chloride, piastic body with a foam-filled tail 
section, a polypropylene plastic, four-bladed 
helicord propeller, a minimum of electronic parts 
all in a water-tight compartment, no electrical 
slip rings or brushes, and a quick disconnect 
electromechanical mounting arrangement for ease 
of handling at sea. The assembly and disassembly 
of all the components that make up the sensor 

are also very simple. A consideration of prime 
importance during the design and development of 
the wind sensor has been the use of uncomplicated, 
fast, and inexpensive manufacturing techniques so 
that production units will be of low cost. 

The design of the operational version of the 
wind sensor will be very similar to that of the 
third prototype sensor now under evaluation. 

This unit has an overall height of 34 cm, an 
overall length of 54 cm, and a weight of 1.47 kg. 
The four-bladed helicord propeller has a diameter 
of 18 cm and a pitch of 30 cm. The rotation rate 
of the propeller shaft is sensed by a small 
magnetically operated Hall - effect switch which 
is located between the pole pieces of a constant 
reluctance magnetic circuit. A single north- 
south pole pair permanent magnet of cylindrical 
shape is fastened to the inboard end of the shaft 
and produces a magnetic flux which reverses once 
per revolution of the propeller. The Hall-effect 
integrated circuit that senses this flux reversal 
is the sole electronic component in the wind 
sensor. This circuit can be powered by a voltage 
source ranging from 6 to 16 VDC and outputs a 
Square wave voltage pulse train of 50% duty cycle. 
The wind speed output scaling is 3-1/3 hertz per 
meter per second. 

The tail fin causes the entire wind sensor to 
vane into the wind. This orientation, which is 
the wind direction, is sensed by a 1000 ohm, 360 
degree potentiometer that is mounted on top of 
the sensor's fixed vertical support shaft. 

Wind tunnel calibration and field intercompar- 
ison tests on land have been conducted at NDBO 
with the three prototype propeller-vane wind 
sensors. Corrections for the design deficiencies 
identified during this evaluation phase are being 
incorporated into the operational units that will 
be produced in 1982 for~further testing at sea 
on NDBO buoys. The expected operational wind 
speed range of the final sensor design is 0.5 to 
80 mps. 

From Ocean Engineering Technical Bulletin, 
NOAA Data Buoy Office, by E. D. Michelena. 





VOLCANO DUST WIPES OUT SEA SURFACE TEMPERATURE 
MEASUREMENTS 


A thin cloud of dust from a Mexican volcano 
prevents satellite measurement of sea-surface 
temperatures in a wide, globe-girdling band but 
has not reduced weather forecasting capability, 
according to NOAA. 

Dust from El Chichon extends from 10° to 30°N 
latitude -- roughly from the Panama Canal to 
Charleston, S.C., or from Cebu, the Philippines, 
to Yokohama, Japan, during July. 

Sea~surface temperatures are used by meteorolo- 


gists in weather forecasting, climatology and 
research. NOAA's National Weather Service 
explained that sea-surface temperatures are also 
measured by ships and buoys and there is no 
evidence thus far of loss of forecast accuracy. 

The El Chichon dust cloud, aithough very thin, 
has drifted upward into the stratosphere and 
become chilled by the stratospheric temperature. 
The NOAA satellite looking down on the earth 
measures radiation from the sea surface and 
translates the measurements into temperatures, 
which are sent back to NOAA land stations. 
Ordinary water vapor clouds prrevent the satellite 
from “seeing” the sea surface, and the wispy El 
Chichon dust, at its high altitude, is now so 
cold that it also intercepts and contaminates the 
heat radiation measurements. 

NOAA scientists are now working to separate 
the effects of the El Chichon dust, so that they 
can both monitor the cloud from El Chichon over 
the next few years as it gradually disperses, and 
also devise a correction factor that will enable 
them again to provide accurate sea surface temper- 
ature measurements from the affected latitudes. 


HURRICANE-PROBING AIRCRAFT TO SUPPORT STORM 
PREDICTION RESEARCH 


NOAA aircraft will probe Atlantic and Gulf 
Coast hurricanes this summer to help scientists 
better understand and predict the direction and 
velocity of the storms. 

The National Hurricane Research Laboratory 
plans to circle six hurricanes, 2 or 3 days from 
landfall. The planes will drop sensors to gain 
information on wind patterns believed to govern 
the tracks of hurricanes. 

The sensors, dropped at 100-mi intervals, will 
send wind, temperature and humidity data back to 
the flying laboratories for retransmission via 
NOAA's GOES East satellite to the National 
Hurricane Center in Miami. 

Knowledge of wind patterns up to about 5 mi 
above the earth is sketchy. More knowledge could 
make a major contribution to computer models that 
would more accurately forecast a hurricane's move- 
ment, and likely landfall. 

A second investigation is planned to improve 
forecasts of wind speeds and storm surge when a 
hurricane does make landfall. The storm surge, 
which causes nine of every ten hurricane deaths, 
is a massive wall of wind-driven water, topped by 
huge waves, which sweeps over the shore when a 
hurricane strikes. 

The NOAA aircraft, flying at stepped altitudes 
from 200 ft to 5,000 ft above sea level will 
collect wind, temperature and humidity readings 
at various distances from the hurricane eye, and 
will record heat flux within the storm. 

Another element of the study will obtain wave 
height and direction, using a laser altimeter and 
airborne radar. Findings will be used to develop 
improved wave and storm surge prediction models. 

The planes, among the world's most sophisti- 
cated airborne research aircraft, will also fly 
operational missions from their Miami base as 
hurricanes approach land. 





XERB DWDA STORM DATA 


NDBO deployed a special buoy off Cape Hatteras, 
North Carolina, at 36.3°N, 75.4°W in October 1980, 
to evaluate the concept of directional wave 
spectra from buoys. This buoy, commonly called 
XERB (Experimental Environmental Research Buoy), 
has a 12-m discus hull. Directional wave data 
reported from XERB during September 7-11, 1981, 
illustrated the response of that system to the 
marine environment. 

During the first 2 wk of September, hurricanes 
Emily and Floyd plowed through the Atlantic east 
and north of XERB. At 2000 on September 8, 
hurricane Floyd, tracking northeastward from the 
Caribbean, was centered near 32.4°N, 63.5°W, or 
1,148 km east-southeast of XERB. The same date 
Emily at 1000 was located near 43.0°N, 51.0°W, or 
2,158 km east-northeast of the buoy. These storms 
were the source of a well-defined and near-steady 
state swell which dominated the wave spectrum 
prior to the passing of a cold front. In addition 
to the two tropical systems, weather maps showed 
a broad area of high pressure centered over 
Oklahoma, covering much of the United States, 
which subsequently pushed a cold front off the 
Carolinas early on the morning of September 9. 

The wind speed records from XERB indicated a 
gradual frontal passage ranging over several hours 
from 00-09, during which time the wind direction 
swung from a southerly direction to the northwest, 
and the velocity increased from 5 to 12 mps. 
Shortly thereafter, the heave/directional sensors 
aboard XERB successfully detected and resolved 
wave trains originating from the three weather 
systems. 

A polar plot of directional wave spectra (fig. 
31), computed for 1200 using the first five 
Fourier coefficients of angular distribution of 
energy and the nonweighted partial Fourier sun, 
indicated a distinctly tri-modal energy distribu- 
tion. Waves generated by the two tropical systems 
16 and 26 hr earlier made up the low frequency 
end of the spectrum at 1200 and were centered 
around 0.1 Hz. The spectrum was merged somewhat 
as a result of the small difference in arrival 
directions, but spectral resolution was sufficient 
to identify the two sources. Comparing spectra 
and bearings reported by XERB to known positions 
of the storms at 1000 and 2000 on September 8, 
made it possible to pinpoint Emily and Floyd in 
the wave spectrum. Emily dominated the long- 
period component from the east=northeast at 0.09 
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Figure 31.--An example of a directional wave data 
analysis from the Experimental Environmental 
Research Bouy (EXRB). 


Hz; Floyd contributed slightly higher frequency 
swells from the east-southeast at 0.11 Hz. 
Clearly defined high frequency spectra peaking at 
0.18 Hz from the northwest resulted from the wind 
field associated with the passing frontal system. 
Directional wave data measurements could have 
a strong impact on marine environmental forecasts 
and warnings. A forecaster armed with directional 
wave data is aware of the state of the sea at all 
times in his area of responsibility. The driving 
forces contributing to each spectral component 
can be identified, as well as their respective 
magnitudes. Directional wave buoys such as XERB, 
that are moored on the continental shelf, can be 
used to detect beach eroding swells several hours 
in advance. Rapidly growing wind-driven sea and 
crossed-sea conditions critical to mariners are 
readily observed in directional data which create 
a new dimension for marine warnings and forecasts. 
Extracted from Ocean Engineering Technical 





Bulletin, NOAA Data Buoy Office, by R. M. 


Partridge. 











THE MARINERS WEATHER LOG WELCOMES ARTICLES AND LETTERS FROM MARINERS RELATING 
TO METEOROLOGY AND OCEANOGRAPHY, INCLUDING THEIR EFFECTS ON SHIP OPERATIONS. 











MARINE WEATHER REVIEW 





during this 3-mo period. 
wide. 
are G.M.T. 





The Weather Logs combined with the cyclone tracks, U.S. Ocean Buoy climatological data, 
gale and wave tables, and mean pressure patterns are a definitive report on the weather 
systems and primary storms which affected the North Atlantic and North Pacific Oceans 
Hurricane Alley lists and describes tropical cyclones world- 
Unless stated otherwise, all winds are sustained winds and not gusts; all times 








North Atlantic Weather Log 
April, May and June 1982 


.ecmnrar LOG, APRIL 1982--A glance at the 

monthly mean sea-level pressure chart 
explains the concentration of the storm tracks 
along the eastern North American and Greenland 
coasts. There were a few maverick cyclones 
south and east of a line approximately con- 
necting Nordkapp and Bermuda. These occurred 
basically the first and last weeks of the month 
except off Morocco and over the Mediterranean. 

There were two primary paths that joined 
northeast of Newfoundland and continued through 
the Denmark Strait. One originated over the 
Great Plains, crossed the Great Lakes then 
across Belle Isle; the other originated off the 
southeast U.S. coast, paralleling it to Cape 
Race. 

There were major differences in the mean sea- 
level pressure pattern from climatology (fig. 32). 
The Icelandic Low was split into three centers, a 
1007-mb over Anticosti Island, a 1005-mb 
Angmagssalik, Greenland, and a 1001l-mb near 74°N, 
15°E. The climatic normal center is 1008-mb east 
of Kap Faivei. The Azores High was 1022-mb near 
32°N, 51°W, about 20° longitude west of its usual 
position. An anomalous high-pressure center of 
1023 mb was near Fastnet Rock. 
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Figure 32.--Mean sea-level pressure, April, 1982. 


There were several significant anomaly centers. 
Perhaps, the most important to ship's weather was 
the plus 10-mb center slightly west of Ireland 
with a sub 6-mb center near 43°N, 40°W. There 
were three negative anomaly centers starting with 
minus 6 mb near Anticosti Island and two minus 
10-mb centers collocatednear the respective low 
centers. 
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In the upper air at 700 mb there was a trough 
from Baffin Island to Nova Scotia, then south- 
westward along the U.S. coast. There was south- 
west flow over the primary shipping lanes to a 
ridge along 10°W with a high center near Fastnet 
Rock. The flow split near 45°N, 35°W with the 
southern winds moving into a trough off Northwest 
Africa. Another trough stretched northward from 
the eastern Mediterranean. 


Extratropical Cyclones--The first week of the 





month the weather pattern over the ocean was made 
up of many small high and low pressure centers. 
The second week high pressure moved into the area 
west of the English Channel, and high pressure 
dominated most of the ocean except along the north 
and northwest quadrants. Weak cut-off LOWS formed 
and dissipated in the vicinity of the Iberian 
Peninsula. 


This LOW formed on the Ist in a trough between 

two large HIGHS. It drifted more then moved in 
an easterly direction while taking excursions 

both north and south. The RUBENS found 45-kn 
winds west of the center that day. Several ships 
had gales in the low 40-kn range on the 2d. The 
ASTONOMER and MATINA were in the vicinity of 40°N, 
33°W with winds of 42 kn and they reported 20- to 
23-ft sea waves and 25- to 33-ft swell waves, 
respectively. 

By 1200 on the 3d the LOW was only 990 mb but 
covered a fairly large area off the Bay of Biscay. 
There were only gales but two British ships 
reported north and northwesterly swell waves of 
25 to 30 ft in the western quadrant. On the 4th 
another LOW center developed to the north and the 
whole circulation weakened and the system disap- 
peared on the 5th. 


This storm formed over South Dakota on the 2d and 
deepened rapidly. At 1200 on the 3d it was 965 
mb near Green Bay on Lake Michigan. Any early 
ships on the Lakes would have found at least 
gale-force winds. By the 4th the southeast quad- 
rant of the storm was off the coast with southerly 
gales. There was.a report of 33 ft swell waves. 
As the point of occlusion moved near the coast 
another center formed. On the 5th, the ONDINA 
(40°N, 69°W) measured 48-kn winds and 30-ft seas. 
The TEXACO BRAVE found 55 kn near 49°N, 66°W. 

By the 6th the storm had weakened considerably 
and had three centers. Only the northern and 





original center survived to move northward to 
Baffin Island. 


Monster of the Month--Another storm from the Mid- 
west traveled the Ohio River and crossed the 
coast at New York. It was joined by another LOW 
that moved up the coast from the Carolinas. It 
was 968 mb near Nantucket at 0000 on the 7th 
(fig. 33). The center of the storm passed very 
close to the WASHINGTON TRADER at 1630 on the 6th 
near 39.6°N, 73.6°W with a 979-mb pressure (fig. 
34). The winds shifted abruptly from north- 
northeast at 15 kn to northwest at 40 kn. The 
Master, E.W. Strohm supplied copies of the obser- 
vation form and barograph. The ARCTIC TROLL 
(38°N, 68°W) at 1200 measured 58-kn winds with 
18-ft waves and 6 hr later the OGDEN FRASER (37°N, 
68°W) measured 60-kn winds with 23-ft waves. The 
SEA-LAND ADVENTURER was finding 48-kn winds with 
25-ft waves near 40°N, 63°W. The OLEANDER (37°N, 
69°W) called the winds 52 kn with 33-ft swells. 











real problem was 46-ft swell waves. The storm 
was rapidly weakening and late on the 9th this 
center could not be found. 

The storm raised havoc along the East Coast 
from Virginia northward. Thousands were without 
power in Virginia as the winds gusted to over 60 
kn. On Nantucket Island the gusts were up to 72 
kn and they were 60 kn at the entrance to Chesa- 
peake Bay. The Northeast had up to 2 ft of snow. 
The major airports were closed and the cities 
crippled. The storm was blamed for 21 deaths. 

It was described as the worst April storm since 
1875. An Interstate highway in Massachusetts was 
closed after 50 vehicles were involved in chain 
reaction collisions. Personnel on an oil rig off 
Massachusetts were alerted to evacuate when it 
reported 40-ft waves. 


The South Carolina coast produced this storm 
on the 9th. It raced northeastward at over 40 kn 
and deepened to 972 mb by 0000 on the 10th. The 





Figure 33.--These two satellite images were taken 24 hr apart, 1700, April 6 (left) and 7 (right). There 
are indications of both centers on the left image, S.E. Pennsylvania and Nantucket Island. The storm 
deepened rapidly in the next 5 hr. to 968-mb which was still the pressure at 1700 on the 7th, 
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Figure 34.--The barogram of the WASHINGTON TRADER 
showed she passed very near the center of the 
storm at the time of the left image above. 


At 1200 on the 8th the storm was 977 mb over 
Prince Edward Island. A drilling rig at 47°N, 
49°W measured 78-kn winds. The OGDEN FRASER 
(36°N, 69°W) measured 55-kn winds. Several ships 
reported waves over 25 ft and the SEA-LAND 
GALLOWAY (41°N, 56°W) had 50-kn winds but her 


NIKKO MARU very near the center (974.5 mb) at 
39°N, 64°W had 47-kn winds. Several ships had 
winds over 50 kn and waves over 25 ft. These 
included the TFL FREEDOM and RESOLUTE. By 0000 

on the llth, less than 48 hr since the storm 

first formed it was 964 mb 300 mi north of Trinity 
Bay (fig. 35). A drilling platform at 47°N, 49°W 
measured 50 kn winds and 25-ft seas. The 
JOEKULFELL (53°N, 44°W) measured 60-kn winds. 

The ANCO EXPRESS (40°N, 54°W) found 33-ft swells. 
The storm was about 200 mi south of Kap Farvel 

at 1200 and they had 60-kn winds. The storm moved 
up the Labrador Sea and was only a trough by the 
13th. 


This frontal wave formed east of Florida on the 
llth. By 24 hr later it was 977-mb near Sable 
Island. Several ships measured winds over 50 
kn. These included the OPALIA (41°N, 58°W) with 
63 kn, and the RESOLUTE (39°N, 61°W) with 30-ft 
waves. The tightly wound storm was 968-mb near 
St. John's at 0000 on the 13th. A drilling rig 
near 47°N, 49°W measured 52-kn with 35-ft waves. 
CHARLIE had 40-kn gales and 25-ft waves on the 
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Figure 35,.--The storm was east of Trinity Bay at 


1640 on the 10th with strong winds and high seas. 


14th. This storm took the full primary storm 
route and entered the Barents Sea on the 16th. 
The remainder of the month produced relatively 
good weather for the mariner. Weak storms 
traveled the primary storm track and there were 
a few galc repurts. The waves were generally 
below 20 ft. There were some one time high winds 
and waves reports but no pattern nor concentrat- 
ion. 


Casualties--Eight vessels suffered ice damage 
this month. The trawler CANSO MARINER was holed 
by ice and sank about 135 mi northeast of Belle 
Isle. The ARCTIC, JALADUTA, MONTREAL, JELA TOPIC, 
NEWFOUNDLAND HAWK, SPACIOUS, TRAKYA 1, and VIO- 
LETTA only suffered damage. 

The following ships reported heavy weather 
damage: BOTEVGARD, ELPIDOFOROS, EMERALD, FAIR 
SPIRIT, GRACE L., JOSE OLAYA, POINT SUSAN, and 
SEA-LAND ENDURANCE. The ZEIDA sank in bad weather 
off Vigo Bay on the 4th. Seven crewmen were 
killed, 3 were missing, and 8 were rescued. 

A new floating 450-ton dry dock broke loose 
from her moorings at Ontonagon, Mich., on the 
3d in 50 mph winds. A construction scow that 
was landlocked in sand inside Lorain, Ohio harbor 
was blown free and floated outside the harbor 
only to ground again west of the harbor during a 
fierce gale on the 5th. 


Other Casualties--The ALVA SEA suffered hull 
plate damage in heavy weather on the 19th and 
had temporary repairs at False Bay. 





EATHER LOG, MAY 1982--The extratropical 

cyclone centers this month were generally 
weak, short lived, and fewer than normal. The 
track charts show even fewer as only those 
cyclones that persisted for more than 36 hr are 
plotted. There was no primary preferred path. 
The centers came off or originated off the 
eastern North American coast from 30°N to 60°N. 
Only the stronger persisted beyond east of 30°W. 
Several formed near midocean and traveled east- 
ward. Several others formed in the subtropical 
ocean north of the West Indies. 

The Icelandic Low was 1008 mb, slightly lower 
than normal and 500 mi northeast of its normal 
position. There was a weak 1015 mb subcenter 
south of Sable Island (40°N, 60°W). The Azores 
High had two 1025-mb centers 3 mb higher than 
normal. Both were northeast of the normal center 
and high pressure extended farther into western 
Europe (fig. 36). 
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Figure 36.-- Mean sea-level pressure, May 1982. 





With the few storms that traveled south of 
Iceland it was surprising to find a minus 5 mb 
anomaly center about 500 mi south. This would 
indicate just generally lower sea-level pressures 
without the transient storm systems that normally 
occur. There was also a minus 2-mb center east 
of Cape Hatteras and south of Newfoundland. The 
Azores High produced a plus 4-mb center off 
Portugal. There was also a large positive area 
with an 8-mb center over Ungava Bay. Europe and 
the Mediterranean had above normal pressure. 

In the upper air there were two long-wave 
troughs, one off the North American east coast 
and the other west of the European coast. There 
was very little ridging between the troughs so 
the flow was nearly zonal. There was an anoma- 
lous low center south of Iceland. 


Extratropical Cyclones--During the first week of 
the month there was a blocking high pressure 
ridge southward from Greenland to latitude 35°N, 
and low pressure over the North Sea. High pres- 
sure gradually built southeastward and the Azores 
High was normally located during the second week 
and the third week moved westward. The LOWS were 
normally oriented. During the fourth week high 
pressure built northeastward into Europe. Low 
pressure areas were generally multicentered. 











The first significant storm formed under an upper- 
air LOW by 0000 on the 2d. LIMA had 40-kn winds 
just prior to the front. Other ships reported 
gales and waves up to 20 ft. By 0000 on the 3d 
the storm was 974-mb near 59°N, 03°W. British, 
Icelandic, and Japanese ships had winds of 50-kn 
in the southwest sector with waves as high as 26 
ft. The DETTIFOSS estimated 60-kn winds at 1200 
near 61°N, 04°W (fig. 37). Gales were still 
blowing with 20-ft waves on the 4th as another 
center formed off Nordkapp. The storm broke up 
into three centers on the 5th and was no longer 
dangerous. 





Figure 37.-—Although not evident in the analyses 
swirls in the clouds indicate other centers 
may have already started to form. 


During the first week there was a large area of 
weak gradient off the southeastern coast of the 
United States. A front had penetrated as far 
south as latitude 20°N and waves were traveling 
along it. A new unstable wave was found near 
32°N, 55°W on the 7th. By the 8th it had con- 
solidated the circulation into one 990-mb LOW 
(fig. 38). Gales were blowing in the western 
semicircle with 15- to 20-ft waves. They con- 
tinued as the storm moved northward to Cape Race 
on the llth. The LEON PIERRE (41°N, 45°W) mea- 
sured 47-kn winds and the EXPORT FREEDOM (40°N, 
58°W) had 20-ft seas on the 10th. The storm was 
weakening and turning eastward to dissipate on 
the 13th. 


This LOW formed in a trough off the Brest penin- 
sula on the 10th. Two ships on the east side mea- 
sured winds near 40 kn. The LOW moved southward on 
the 11th, and the AMERICAN LEADER (50°N,12°W) mea- 
sured 35-kn winds. The GULF SHIPPER (49°N, 18°W) 
found 18-ft seas and 21-ft swells. The storm 
turned northward again on the 12th. A German 





Figure 38.-—At 1747 the storm was centered near 
38°N, 57°W. 


ship near 52°N, 26°W reported 39-ft swells, and 
the ALINDA (48°N, 19°W) had 26-ft swells. On the 
14th it combined with a weak frontal system south 
of Iceland. The GULF TRADER (53°N, 20°W) measured 
40-kn winds and 13-ft waves. On the 15th, 16th, 
and 17th the 990-mb storm was quasi-stationary in 
the vicinity of 58°N, 25°W. The weather was 
quiet. The circulation weakened and all but lost 
its identity as it traveled northeastward into 

the Norwegian Sea. 


This storm developed out of a multicentered low 
pressure area off the U.S. East Coast on May 17. 
On the 18th another LOW moving southeastward over 
Newfoundland joined the larger circulation (fig. 
39). There were a few gales in the southwest 
quadrant. At 1800 the GULF TRADER (42°N, 52°W) 
found 48-kn northwesterly winds. Gales continued 
through the 19th. On the 20th the two centers 
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Figure 39.--One center is east of Cape Race and the 
ther is near 47°N, 40°W. 
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combined into one 990—mb LOW near 50°N, 38°W. 
Gales continued in the southwest quadrant and the 
C.P. AMBASSADOR east of the center had light 
winds but 23-ft swell waves. On the 2lst there 
was an isolated gale report. The storm started 
weakening on the 22d and disappeared on the 23d. 


The northern plains produced this 
on May 16. It moved north of the 
the 19th. Southwesterly flow was off the coast 
on the 20th. The Canadian vessel VCSZ measured 
44-kn southwesterly winds near 46°N, 59°W. The 
winds were mostly gales on the 2lst and 22d but 
the RAVENSCRAIG measured 49-kn winds near 47°N, 
40°W, and the AMERICAN LEADER (46°N, 42°W) had 
21-ft waves. By 1200 on the 23d the LOW was 

984 mb near 56°N, 45°W. The WORLD EDEN measured 
50-kn westerly winds 600 mi south of the center. 
The storm was moving westward on the 24th. The 
CRESTBANK (50°N, 04°W) measured 47-kn winds and 
KOSMONAUT GAGARIN (48°N, 39°W) had 23-ft waves. 
The storm dissipated on the 26th. 


long-lived LOW 
Great Lakes on 


This cyclone was an exception to the generally 
short-lived storms. It originated over Nevada 
on the 18th and generally wandered across the 
United States. It was over the Great Lakes on 
the 23d and moved over Cape Cod on the 25th only 
as a frontal wave. It strengthened on the 27th 
as another center out of Quebec joined the cir- 
culation. There were a few reports of winds in 
the 40-kn range; the DART CONTINENT (48°N, 30°W) 
had 40-kn winds and 20-ft waves. The BAMSA DAN 
near Kap Farvel measured northeasterly 52-kn 
winds and 30-ft seas. The KOLN EXPRESS (48°N, 
47°W) measured 44-kn westerly winds and 26-ft 
waves on the 28th (fig. 40). 





Figure 40,--There is little doubt where the upper- 


air center of this storm is at this time. 


At 1200 on the 29th the storm was 978 mb near 
55°N, 30°W. At 0600 CHARLIE had measured 39-kn 
winds from the northwest and 23-ft waves. There 
were gales in the high 30-kn category and two 
Icelandic ships near 66°N, 26°W had 44 kn. 
CHARLIE still had 20-ft waves on the 30th. The 
storm broke down rapidly late on the 30th and 
moved over the Greenland Sea. 


Casualties--Fog was the single factor this month 
that was involved in many of the weather casual- 
ties. The ERNEST R. BREECH went aground in fog 
in the St. Clair River. The fishing vessel TOMMY 
P. capsized in a collision with an unknown 
freighter in dense fog off Ocean City, Md. 

Five crewmen were rescued. The skipper was 
missing. Other collisions in fog were: 

KRETINGA and INOWROCLAW, BARBARA B. FLETCHER 

and MARITIME ALLIANCE, LA PAMPA and TARNOFORS, 
and STEADFAST and SAFE TRUCK. 

The following vessels reported heavy weather 
damage: BAHMA, BIAKH, BRITTA ODEN, CAPO GALLO, 
DILA, and GERALD G. 

The ARETI L. damaged her propeller in ice on 
Lake Superior in early May. 


EATHER LOG, JUNE 1982--The cyclone tracks and 

mean sea-level pressure for June were signifi- 
cantly different from climatology. According to 
climatology the primary track of cyclones af- 
fecting the marine environment originates along 
the New England coast, and traces a path north- 
eastward to the Faeroe Islands with a branch 
through the Denmark Strait. This month most of 
the maritime storms originated near the east 
coast of the United States between Cape Hatteras 
and Maine. Their early paths were easterly to 
east-northeasterly and dispersed between lati- 
tudes 35°N to 50°N. Some of the southern storms 
curved northeasterly near longitude 30°W with a 
concentration of paths within a 10 degree area 
centered on 50°N, 25°W. The mean Icelandic Low 
was on the edge of this area. Three storms con- 
tinued to track northward towards Iceland and 
several continued into the United Kingdom. 

There were many storms over Canada but they 
generally remained within the continental bound- 
aries. 

The Icelandic Low at 1005 mb was 4 mb deeper 
than normal and at 51°N, 21°W about 700 mi 
southeast of its normal position. There was an 
anomalous Low over northern James Bay and a 
High off Trinity Bay. The Azores High was 1025 
mb near 29°N, 32°W and near norma’ except for a 
1024 subcenter near 28°N, 43°W: .ae normal high 
pressure over Greenland and northern Canada was 
1022 mb, 7 mb higher than normal (fig. 41). 
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The anomaly centers that indicated the 
greatest departure of the marine weather from 
normal was a minus 11 mb center associated with 
the Icelandic Low at 49°N, 20°W and two plus 9 mb 
centers, one over Baffin Bay and the other north 
of Iceland. Associated with those positive cen- 
ters was an inverted ridge extending southward 
along 50°W to about 43°N. 

The upper-air flow at 700 mb was zonal, nearly 
directly west to east, between latitudes 35°N 
and 50°N between the two continents. An anoma- 
lous Low was centered near 53°N, 25°W in associa- 
tion with the surface Low. 

Hurricane Alberto occurred this month. 


Extratropical Cyclones--The high-pressure areas 
were the major factors controlling the marine 
weather this month. High pressure over the sub- 
Arctic kept the cyclones farther south than nor- 
mal and generally weak. The first week of the 
month the pattern was near normal with LOWs west 
through north of the Azores High. During the 
second week the Arctic High built southward and 
the Azores High northeastward with only weak 
frontal waves between them. In the third week 
the Arctic High retreated and weakened but high 
pressure remained in the vicinity of Iceland. 
The LOWs were more intense. The fourth week the 
Arctic High was weaker but remained over the 
northern seas. At the end of the month the 
pattern approached normal. 





This frontal wave was east of New York and south 
of Cape Race on the lst. It traveled east- 
northeastward and at 1800 on the 2d the EXPORT 
CHALLENGER (39°N, 35°W) had 40-kn winds near the 
front. The storm intensified on the 3d and the 
RAVENSCRAIG (49°N, 18°W) had southerly 44-kn 
winds. ROMEO had 20-ft seas. At 1200 on the 

4th the storm was 985 mb near 50°N, 23°W. There 
were gale reports in three quadrants of the storm 
with wave reports of 20 ft. The storm was quasi- 
stationary through 0000 of the 6th. There were a 
few near gale reports and one report of 20-ft 
seas in the southern quadrant. Late on the 6th 
another LOW moved into the circulation and became 
the primary cyclone. 


The next significant storm of the month developed 
off Cape Hatteras on June 8. By 0000 of the 9th 
the DART CONTINENT (42°N, 65°W) had found 43-kn 
northeasterly winds with 20-ft swells. By 1200 
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she was reporting 34-ft swell waves. 
was drifting eastward at about 8 kn. 
LAND LEADER near 41°N, 60°W radioed 44-kn easter- 


The storm 
The SEA- 


ly winds and 16-ft waves on the 10th. The PENMAN 
(38°N, 48°W) measured only 14-kn winds but found 
37-ft swells. The cyclone continued to drift 


eastward with generally light winds. On the 14th 
the EDWARD RUTLEDGE had 35-kn gales. The OGDEN 
FRASER measured 40 kn on the 15th. By 1200 on 


the 17th the storm was gone. 


This LOW formed over the Gulf of Mexico on the 
17th. It was near Charleston, $.C., by 0000 on 
the 19th. At that time the COLUMBUS QUEENSLAND 
had 52-kn winds and 33-ft seas off Jacksonville, 
Fla. and the PRINCE RUPERT CITY off Savannah, 
Ga., had 46-kn winds with 23-ft seas. 

As the storm moved up the east coast it 
drenched the coastal areas with up to 4 in of 
rain in many areas and nearly 8 in at St. Augus- 
tine, Fla. Coastal stations recorded winds 
gusting up to 60 mph which was recorded at Dia- 
mond Shoals Light. High tides produced beach 
erosion. Air reconnaissance on the 19th indi- 
cated highest winds of 60 kn with stronger gusts 
east of the center and a central pressure of 
994 mb. The storm was suspected of being tropi- 
cal rather than extratropical as there was no 
frontal system involved until the 20th when it 
absorbed one moving southeastward across the 
United States (fig. 42). 

By 1200 on the 20th the 984-mb storm had 
raced to Sable Island. Along the way many ships 
had 35- to 50-kn winds with waves up to 31 ft as 
reported by the BOSTON near 37°N, 73°W. The SEA- 
LAND PACER (42°N, 59°W) measured 50-kn winds as 
did the EAGLE ARROW (40°N, 60°W). An American 
ship measured 50-kn easterly winds on the 2lst, 
others had winds in the 40-kn range. 

By 1200 on the 22d the storm was 988 mb near 
51°N, 37°W. Most of the winds were in the gale 
category, but CYGNUS (48°N, 38°W) found 5l-kn 
winds, 23-ft seas, and 28-ft swells. The next 
day she had 36-kn winds, 16-ft seas, and 25-ft 


swells. The storm was weakening on the 24th and 
developed two centers. The storm was gone on the 
25th. 


This cyclone was analyzed near Quebec on the 26th. 
It traveled eastward as a weak wave until the 

On the 30th the CIROLANA (50°N, 20°W) had 
The TFL DEMOCRACY (51°N, 24°W) 


29th. 
40-kn winds. 





19 20 


Figure 42,--Chronical of a storm. These 1700 NOAA SMS images from the 17th through the 20th shows the 
development of the storm as it moved up the coast. 
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measured 40-kn winds, 18-ft seas, and 23-ft 
swells. The GEORGE OUSHAKOV had 20-ft seas. At 
1200 the LOW was 992 mb near 55°N, 20°W. On July 
1 the storm was moving northeastward and was of 
no consequence. 


A series of frontal waves was moving along a 
front south of the Great Lakes on the 29th. One 
of these survived to become this storm. By 1200 
on the 30th it had consolidated a large circula- 
tion around a 994-mb center near 47°N, 66°W. A 
ship that appeared to be the SEA-LAND PACER (42°N, 
54°W) north of the warm front had 25-ft swells. 

On July 1 the 985 mb LOW was near 55°N, 65°W. 
The WVFN (47°N, 49°W) had 39-kn winds from the 
south. The PERRYVILLE at 37°N, 57°W found 20-ft 


swell waves on the 2d. The storm was now moving 


North Pacific 


northeastward and over the Labrador Sea. It 
dissipated near Kap Farvel on the 3d. 


Casualties--The CANADIAN BULKER hit an iceberg on 
June 16 near 47.5°N, 49.3°W and suffered a large 
gash in her bow. The tug/supply vessel LISBETH 
TIDE sank south of Malta. The TOURAINE rescued 
one of 10 crewmen. The CAEDMON and NORMAN COMMO- 
DORE collided in fog at Portsmouth. The TULSIDAS 
struck a quay wall during a squall at Madras on 
the 9th. The OSWEGO GUARDIAN alleged heavy wea- 
ther damage on arrival at Marseilles. 

The WORLD PETROBRAS broke berthing ropes and 
suffered other damage in heavy winds at Sao 
Sebastiao, Brazil. The ESSI SILJE was shearing 
heavily while under tow in force 7 to 8 winds 
northwest of Cape Finisterre. 


Weather Log 


April, May and June 1982 


EATHER LOG, APRIL 1982--Without an accurate 

count there appeared to be fewer significant 
cyclones than normal this month. Those that 
occurred were not especially severe but the mean 
Aleutian Low was deeper than normal indicating 
the LOWs in that area had lower central pres- 
sures. There were two primary storm tracks; one 
from Hokkaido northeastward into the north- 
central Bering Sea, the other was from the vici- 
nity of 25°N, 140°E northeastward into the Gulf 
of Alaska. The two straddled the climatological 
track. There were several anomalous cyclones 
between Hawaii and California. 

The mean sea-level pressure differed signifi- 
cantly from climatology (fig. 43). The primary 
Aleutian Low was 1905 mb near 58°N, 148°W, south- 
east of Kodiak. There was another 1012-mb center 
southeast of Mys Olyutorskiy. Climatology had 4 
centers of about 1009 mb across 55°N latitude. 
The Pacific High was 1027 mb near 37°N, 159°W, 4 
mb higher than normal and west-northwest of its 
normal position. 

The ocean north of latitude 30°N generally 
had higher than normal pressures except for a 
small minus 5-mb center ‘south of Valdez. A 
plus 8-mb center near 48°N, 180° and a plus 7-mb 
center over the Sea of Okhotsk formed a large 
positive anomaly area. 

The upper-air flow was primarily zonal with 
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Figure 43.--Mean sea-level pressure, April, 1982. 
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long-wave troughs off the Asian and North 
American coasts. There was a short wave trough 
east of Hawaii. 


Extratropical Cyclones--The stronger cyclones 
were during the first half of the month as the 
weather moderated from the winter. The first 
week was primarily dominated by low pressure sys- 
tems but during the last part high pressure built 
eastward from the Asian continent and the Pacific 
High built northwestward. By the 9th and 10th 
there was a large 1050—-mb HIGH centered near 45°N, 
175°W. There were several cut-off LOWS south 

and southeast of the HIGH during this time. The 
HIGH retreated sovtheastward with lowering pres- 
sure and a large quasi-stationary LOW dominated 
the Gulf of Alaska. The third and fourth weeks 
the pressure centers were more nearly normally 
oriented. 





This storm came out of China on the 2d. There 
were a few gales reported on the 3d as it moved 
over the Oyashio Current. At 0000 on the 4th the 
storm was 971 mb east of Ostrow Urup and paral- 
leling the island chain. A Soviet ship reported 
47-kn winds northwest of the Island and another 
nearby had 20-ft seas. The NEW WESTMINSTER CITY, 
about 300 mi south of the center, reported 30-ft 
swells. At 0600 the PRESIDENT WILSON (49°N, 
156°E) found 42-kn northeasterly winds and 23-ft 
easterly swell waves. The TOYOTA MARU NO. 11 had 
25-ft waves pounding her starboard side on the 
5th and the AQUAGRACE (51°N, 164°E) contended 
with 53-kn northwest winds and 20-ft seas. At 
1200 the LOW was 960 mb near 59°N, 174°E. The 
PASY reported 45-kn winds. By the 6th the PRESI- 
DENT WILSON was near 42°N, 146°E with gales and 
30-ft westerly swells. A SHIP far to the north 
(59°N, 176°W) had 38-kn winds and 25-ft swells. 
By the 7th the storm had broken up into three 
different centers as the original LOW moved over 
the Chukchi Sea. The FUKUKAWA MARU (45°N, 178°E) 
had winds over 50 kn and another ship had 20-ft 


seas as they passed through a trough line. Later 





in the day all indications of the original storm 
were gone. 


It was at this time that the large 1050-mb high- 
pressure area was building to a climax. A high- 
pressure cell that moved off the Asian coast on 
the 4th had moved eastward along latitude 35°N 

and then northeastward on the 7th when it started 
building. A cell of the Pacific High had drifted 
northward, then westward, gradually increasing in 
pressure. On the 9th they combined into one 1050- 
mb center near 46°N, 175°W. Very few Highs build 
stronger than this over water (fig. 44). It was 
surrounded by five low-pressure centers of varying 
strength. The HIGH started slowly weakening late 
on the 10th and on the 13th moved southeastward 
toward its normal location. There were quite a 
few high swell wave reports south and north of 

the center. The highest was 49 ft by the PRESI- 
DENT FILLMORE near 52°N, 174°E. 


This was one of the LOWs surrounding the probably 
near record HIGH. It formed as a frontal wave 
north of Kyoto on the 8th. The PRESIDENT WILSON 
was caught in the southern edge of this storm 
with 40-kn winds on the 9th as was the SEA-LAND 
DEFENDER (50 kn) and SEA-LAND DEVELOPER also 50 
kn. 

The storm was 994 mb on the east coast of 
Honshu at 0000 of the 10th. The WESER EXPRESS 








had 50-kn winds with 23-ft waves south of the 
center. The storm moved northward over the Sea 
of Okhotsk late on the 10th and rapidly disin- 
tegrated. 


A frontal wave came out of the East China Sea 

on the 5th and traveled south and east of Japan. 
On the 8th a second LOW formed at the point of 
occlusion and the first center disappeared. The 
large 1044-mb HIGH was about 1,000 mi to the east. 
The PACIFIC VENTURE east of the LOW measured 52-kn 
southerly winds with 15-ft waves. The LOW was 
racing along the west side of the HIGH. The 

MING GLORY (39°N, 163°E) measured only 25-kn 
winds but had 33-ft waves. The SHINANO MARU 
(48°N, 166°E) had 38-kn winds and 25-ft waves. 

The 1004—mb LOW moved over the top of the 1050-mb 
HIGH on the 10th. The PRESIDENT FILLMORE (52°N, 
175°E) estimated 45-kn winds, 20-ft seas, and 49- 
ft swells. 

The LOW moved over Kodiak Island on the llth. 
The CHIHIRO SAN MARU near 54°N, 156°W measured 
51-kn winds with 20-ft waves while CHEVRON 
COLORADO (56°N, 143°W) measured light 21-kn 
winds with 54-ft swell waves. By the 12th the \ 
LOW had deepened to 968 mb near 56°N, 145°W. 
Ships were measuring winds up to 50 kn and waves 
up to 39 ft. At 1200 buoy 46003 measured 25-ft 
waves. 

On the 13th and 14th there was a band of high 


Figure 44.--This mosaic of four NOAA Polar-orbiting satellite orbits shows the 1050-mb HIGH and the 
associated clouds and weather systems at about 0000 on the 10th. The white + near 46°N, 175°W, 


marks the center. 
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Figure 45.--The sea wave analysis for 0000 on the 
10th. 


waves extending from about 500 mi west to 700 mi 
south of the center (figs. 45 and 46). The 
highest report available at this time was 36 ft 
by the BALDBUTTE (35°N, 121°W). Later on the 

14th the next storm was moving eastward across 
the Bering Sea and this one quickly disintegrated. 


As happens many times when a cyclone approaches 
or travels along a mountainous peninsula a second 
center will form on the other side. This was the 
case here. As a previously described storm de- 
cayed over the Sea of Okhotsk this LOW formed 
east of Kamchatka on the 12th. It moved slowly 
eastward and was 991 mb on the 14th north of 
Unalaska Island. A SHIP near 60°N, 178°W reported 
50-kn, east—northeast winds with 25-ft waves. 
With the westerly to northwesterly fetch continu- 
ing, several ships reported light winds with 

high swell waves of 25 to 35 ft. On the 16th 
this storm was 982 mb near Kodiak Island (fig. 
47), The reporied winds picked up speed later 
in the day with 60 kn by the GREAT LAND and 50 





J *'s 
pee 
Figure 47.--The satellite easily verifies the posi- 

of the storm. 
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Figure 46.--Satellite image for 0000 on the 10th, 


kn by the ALEUTIAN DEVELOPER. On the 17th winds 
of 50 kn were measured and seas of 30 ft. On the 
18th the storm was gone. 


An inverted trough south of high pressure bore 
this storm on the 14th. It remained nearly sta- 
tionary the first 24 hr as high pressure impeded 
its movement. For the next few days it was in 
an area of few reports but the storm was not 
particularly strong. It broke from between 
HIGHS on the 18th and picked up strength with a 
few gale reports. On the 19th the ATLANTIC 
PIONEER (54°N, 143°W) reported 64-kn winds with 
no verifying waves. Other ships reported winds 
in the 50-kn category with waves up to 23 ft. 
The LOW was 974 mb near 53°N, 150°W at 0000 of the 
20th. The PRESIDENT ADAMS (51°N, 155°W) had 60 
kn out of the north with 33-ft swells. Other 
ships were measuring winds from 40 to 60 kn with 
waves up to 33 ft. The LOW started weakening 

on the 2lst but two ships reported measuring 
winds over 70 kn, the ATLANTIC PIONEER and a 
Soviet ship. The storm was gone on the 22d. 


This storm formed over the southern tip of Kyushu 
late on the 20th. There were gale reports on the 
22d. The SAMARIA (36°N, 148°E) reported 50-kn 
winds, 30-ft seas, and 21-ft swells on the 23d. 
Two ships reported 70-kn winds; the DAIEI MARU 
(42°N, 146°E) and the SURUGA MARU (44°N, 162°E) 
neither reported waves, but the PRESIDENT TYLER 
(38°N, 147°E) measured 40-kn winds with 33-ft 
swells. The storm was 990 mb near 42°N, 166°E 

at 0000 of the 24th. The winds were gales but 
there was a 23-ft swell report in the southwest 
quadrant. The storm moved into the Gulf of 
Alaska on the 26th. Late in the day and on the 
27th there were 40-kn winds. The GALVESTON (55°N, 
138°W) reported 45 kn with 25-ft swells. A U.S. 
ship, the NJDG, had 50-kn winds and 39-ft swells 
from the east near 59°N, 145°W. The LOW moved 
over the Kenai Peninsula on the 28th and weakened 
rapidly. 


This frontal wave was first analyzed near Iwo 
Jima on the 28th. It raced east~northeastward 
and on May 1 was 990 mb near 41°N, 178°E. The 
winds had increased to the 40-kn category and 
wave reports up to 30 ft. The HARUNA MARU (42°N, 





176°E) measured 52-kn winds with 26-ft waves. On 
the 2d there were several 20-ft wave reports in 


the western quadrant. The storm weakened as it 
moved over the Gulf of Alaska and finally disap- 
peared on the 6th. 


Casualties--The Coast Guard searched for two sail- 
boats and four sailors between San Francisco and 
the Farallon Islands that were missing during a 
race on the 10th. A storm with 60-kn winds dis- 
rupted the race with 127 boats. Three other boats 
ran aground and another capsized. Two persons in 
another boat were killed. Seven inches of rain 
caused mudslides and flooding over the weekend. 


These ships reported heavy weather damage but 
it could not be positively determined which 
weather system was involved: ANCO ENDEAVOUR, 
DORA, DRESDEN, EASTERN FRIENDSHIP, KINKO MARU, 
PRINCE RUPERT CITY, SEA-LAND ENDURANCE, 
STRATEGIST, and SUNSHINE ISLAND. 


Other Casualties--A ferry sank near Rangoon with 
93 of 211 dying. The DAIFALLAH and PETROSTAR II 
collided in a severe storm at Jeddah on the 26th. 
The SOLIDARITY and WILLIAM HOOPER contacted in 
the same storm. The ACT 4 lost containers over- 
board enroute to New Zealand. 





EATHER LOG, MAY 1982--The tracks of the cen- 

ters of this month's cyclones were fairly 
evenly spread between about latitudes 35°N and 
60°N. They were primarily easterly until about 
longitude 170°W where they turned northeastward. 
There was no obvious preferred track. 

The Aleutian Low was 1008 mb near 55°N, 175°W. 
There was a small 10!12-mb LOW center near the tip 
of Kamchatka. This matched climatology fairly 
well except it shows a third center near Unimak 
Island (fig. 48). The Pacific High at 1028 mb 
was 5 mb higher than its climatic counterpart 
and about 300 mi to the northeast at 38°N, 141°W. 
There was a 1022-mb subcenter near 31°N, 175°E. 
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Figure 48.--Mean sea-level pressure, May, 1982 


The most significant center on the anomaly 
analysis was plus 7 mb near 45°N, 140°W. This 
area constituted a large block off the Nor*h 
American coast. Most of the ocean area north of 
latitude 20°N was slightly positive. An excep- 
tion was a slightly negative area (-1 mb) that 
stretched from the northern Bering Sea to latitude 
35°N between longitudes 165°W and 180°. 

The circulation center in the upper air at 700 





mb was over the central Bering Sea, slightly lower 
than normal. There were two high centers, one on 
each side of the Date Line, that were higher than 
normal. This tighter gradient produced higher 
windspeeds. The two long-wave troughs were 
inside the Asian coast and along 175°W. The nor- 
mal ridging off the North American coast was more 
accented than usual. 

Typhoon Pat occurred in the western ocean and 
tropical storm Aletta in the eastern ocean. 


Extratropical Cyclones--The location and strength 
of the high pressure centers were a primary con- 
trolling factor in the marine weather this month. 
The first week there were Highs both east and 
west of the Date Line. The Lows were multicen- 
tered and held to the north and west. The second 
week the Highs broke down and the Lows penetrated 
southward with many pressure centers. The pres- 
sure centers consolidated the third week with a 
frontal wave pattern between the Pacific High and 
the Siberian High. The fourth week the Highs 
built again, especially the Pacific High and the 
Lows were again forced northvard. 





As indicated above, the first 2 weeks were very 
quiet. The cyclones were weak and disorganized. 
There were a few reports of gales but they were 
isolated with no pattern. 

A LOW moved out of Asia during the second week 
of the month. As the occlusion moved over the 
Sea of Okhotsk another LOW formed at the point 
on the llth and the other dissipated. Late on 
the 12th gales were being reported by the Soviet 
fishing fleet. By 0000 on the 13th the TOYOTA 
MARU No. 15 found 48-kn southerly winds near 46°N, 
166°E. The OCEAN BRAVE (46°N, 155°E) southwest 
of the center had 45 kn from the northwest and 
26-ft swell waves. Two American ships had gales. 
At 0000 on the 14th it was 980 mb near 50°N, 
165°E. A frontal wave was approaching from the 
southwest and by the 15th it was gone. 


This was the frontal wave mentioned above. It 
originated over the Sea of Japan on the 13th. 

The MARSHAL MALINOVSKIY, west of the Tsugaru 
Strait, reported 4l-kn winds at 0000 on the 14th. 
On the 15th this storm absorbed the circulation 
of the previous storm and strengthened. There 
were some gale reports and at 1200 the JAPAN 
ACACIA (50°N, 173°E) had 52-kn west winds about 
100 mi south or the 976-mb center. The waves 
were 25 ft. 

There were quite a few gales on the 0000 col- 
lective of the l6th (fig. 49). The KEN SUCCESS 
(50°N, 162°E) had 30 kn. The PRESIDENT ADAMS 
had 25-ft swells southwest of the center and the 
SEA HAWK had 26-ft waves in the southwest quad- 
rant. There were gales on the i7th with waves up 
to 20 ft. The storm was 975 mb over the Bering 
Sea. The storm crossed the Aleutians into the 
Gulf of Alaska on the 18th slowly weakening. It 
dissipated over Alaska on the 2lst. 


This was a long-lived little storm with only a 
few hours of notoriety as it dashed against the 
Rocky Mountains. It formed at the point of oc- 
clusion of an Asian front several hundred miles 
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Figure 49,.--The strong winds are not under the 
stratus clouds to the north, but with the 
cumulus in the southern semicircle. 


east of Tokyo on the 8th. It drifted eastward 
between latitudes 35° and 40°N until the 13th. 

At times it took imagination and one ship report 
to find it. At this time, its circulation became 
alined with a deepening Siberian upper-air LOW 
and raced northeastward. The first gales were 
reported on the 15th. At 1200 on the 16th the 


990-mb storm was west of Vancouver Island. The 
OVERSEAS JUNEAU had 40 kn with 18-ft seas. There 
were a few gales early on the 17th. It barely 


managed to survive crossing the mountains where 


it turned northward and crossed into the Beaufort 
Sea on the 20th. 


This was another of those long-lived storms that 
had only a brief flare. This one started south 
of Kyoto on the 15th. The first gales on the 
chart were on the 21st. At 0000 on the 23d the 
982-mb storm was near 50°N, 155°W. Ships in the 
southerly flow were finding gales. The TOYOTA 
MARU No. 11 found 41-kn winds from the northeast, 
north of the center. Later in the day the PORT- 
LAND also had northeasterly 40-kn winds south of 
Seward. There were a few reports on the 24th and 
25th with a 20-ft wave report off Sitka. The LOW 
disappeared on the 25th. 


Yet another fairly long-lived LOW. It originated 
over the south tip of Kyushu on the 19th and 
developed a well-formed but weak circulation 
early. The center moved along the east coast of 
Japan and the Kurile Islands until the 23d when a 
new center formed to the east and started on an 
easterly path. By the 25th the 984-mb LOW (fig. 
50) was near 48°N, 176°W and gales were blowing 
with some waves up to 20 ft. The winds continued 
te increase and the EASTERN VENTURE (48°N, 176°W) 
measured 50 kn with 30-ft seas. The MING ADVANCE 
(43°N, 163°W) had 48 kn. On the 26th the SEA- 
LAND ENDURANCE (45°N, 172°W) measured 48-kn winds 
with 21-ft waves. The ASIA MARU was 750 mi south 
of the center with 36-ft swell waves. 

The storm abruptly turned northward on the 
27th. The GREEN AUKLET (53°N, 175°W) measured 
38-kn winds and 25-ft waves. Nearby the EASTERN 
HIGHWAY measured 48 kn. The storm weakened 
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Figure 50.--The appearance of each storm is dif- 
ferent due to the many variables involved. 


rapidly on the 28th over the Bering Sea. 


At various times during the course of the month 
the Pacific High crowled close to the California 
coast and the trough from the semi-permanent LOW 
over the Gulf of California intensified. This 
produced strong northwest winds along the Cali- 
fornia coast. 

These situations occurred to some degree 


during the following times: the 4th and 5th when 





Figure 51.--Typical appearance of the Pacific 
High when off the northern California coast. 





the B.T. ALASKA measured 48 kn; the 8th and 9th 
when the EXXON NEW ORLEANS measured 45-kn winds 


and 15-ft waves (fig. 51). The cargo shifted on 
the barge FOSS 290 off San Francisco on the 8th 

in gale-force winds and 25- to 30-ft waves. The 
17th, 18th, and 19th the SEA-LAND PATRIOT 

reported 40 kn with 12-ft waves. There was an 
exceptionally long continual tight gradient from 
the 23d through the 28th and the CHEVRON LOUISIANA 


measured 32-kn winds and 21-ft waves, among many 
others reporting. 


Casualties--The Japanese Maritime Safety Agency 
reported 10 ship collisions in fog off Japan 
early on the llth. Eight seamen were missing 

and three ships sank. Among the ships were the 
RYOEI MARU and JERRYEVERETT, also the SAM YANG 
No. 101 and the TATSU MARU, a fishing vessel and 
the SUN MERCURY, and MALACCA MARU with the SHUNAN 
MARU. 

These ships suffered heavy weather damage 
during the month: the CHAR HSING, MENDOZA, 
PARAMOUNT, and TROSS. 

Other Casualties-- The ATLAS DAMPIER suffered 
heavy weather damage in Bass Strait while at- 
tempting to aid the MOBIL AUSTRALIS which was 
stranded in high seas without steering. The 
ERNAM reported Colombo with cracked shell plating 
due to weather. 





EATHER LOG, JUNE 1982--The primary track of 

the low-pressure centers closely followed 
climatology from near Tokyo to midocean near 
49°N, 180°. At that point the track split with a 
few continuing northeastward while others tracked 
eastward to later curve counterclockwise into the 
Gulf of Alaska near the Kenai peninsula. North 
of the primary track the tracks were scattered 
and generally crossed the Bering Sea. A second- 
ary track from the vicinity of 40°N, 155°W 
stretched to the Washington State coast. 

There were major differences between the mean 
sea-level pressure pattern for the month and 
climatology. The Aleutian Low at 1001 mb was 9 
mb lower than the normal but at 55°N, 180° near 
its normal position. A secondary LOW over Alaska 
did not exist. The Pacific High was larger than 
normal with four centers. The strongest was 1023 
mb near 31°N, 180° rather than the normal of 1024 
mb near 33°N, 145°W. The three other centers 
were alined north-south along 138°W with 1020 mb 
at 52°N, 1021 mb at 39°N, and 1021 mb at 33°N 
(fig. 52). 
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Figure 52.--Mean sea-level pressure, June, 1982. 





There were four significant anomaly centers; 
minus 10 mb near 55°N, 178°E, plus 6 mb near 34°N, 
176°E, minus 4 mb near 36°N, 148°W, and plus 4 mb 
near 58°N, 139°W. 


The upper-air pattern at 700 mb was closer to 
normal than the surface. The gradient and height 
centers were more intense. The LOW over the 
Bering Sea was 92 m lower than its climatic coun- 
terpart and the subtropical High was 29 m higher 
and about 40° longitude west of its climatic 
counterpart. The long-wave troughs were over the 
Sea of Japan and approximately 155°W. 

There were three tropical cyclones in the 
western North Pacific, typhoon Ruby and tropical 
storms Tess and Skip. Tropical storm Bud was 
over the eastern ocean. 


Extratropical Cyclones--The first week of the 





month started off with high pressure off the 
Oregon coast which gradually split into two highs, 
the second over midocean. Cutoff lows formed 
between and south of the two highs. Lows and 
frontal waves were located farther northwest than 
usual and tracked into the Bering Sea. By the 
end of the second week the pattern had reverted 
to one High off California. During the third 
week the Pacific High split again into two cen- 
ters and the fourth week there were three high 
centers. The Lows were generally weak. A Low 
moved into the Washington coast between two high 
cells the last week. 


There was a weak quasi-stationary LOW on the east 
coast of Kamchatka on the 2d. Frontal waves were 
moving northeastward south and east of Japan. 
Several ships had gales and waves up to 20 ft 
east of northern Honshu. The BRITISH SECURITY 
measured 47-kn winds east of Tokyo. The EASTERN 
WORLD had 20-ft waves. By the 3d a series of 

the waves fortified the northern center and the 
THAMESFIELD (50°N, 176°W) measured 44-kn south- 
easterly winds and 26-ft seas. Others had gales 
and strong gales in the southerly flow parti- 
cularly. The storm was moving across the Bering 
Sea along the 57°N parallel. The higher winds 
were north of latitude 50°N on the 4th and 5th. 
The PAN WESTERN measured 68-kn winds on the 6th. 
The storm turned northward through the Bering 
Strait and into the East Siberian Sea. 


This LOW formed over the Sea of Japan on the 6th. 
It traveled as an open frontal wave until the 9th 
when it combined with another frontal wave from 
south of Honshu into a large storm. The TOMEI 
MARU (47°N, 180°) measured 39-kn winds with 16- 
ft waves. At 0000 on the 10th the LOW was 974 mb 
near 55°N, 178°E (fig. 53). There were gales on 
the 10th and the MEKHANIK GORDIENKO (51°N, 175°W) 
had 23-ft seas. The ORIENTAL IMPORTER found 20- 
ft waves near 50°N, 180° on the llth. The storm 
was weakening and crossed the Alaska Peninsula 

on the 12th and finally disappeared on the 15th. 


As a LOW out of China moved over southern Honshu 
another center formed to the northeast and the 

first dissipated. The GENTLE RIVER (37°N, 156°E) 
measured 62-kn southerly winds with 13-ft waves. 
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Figure 53.--A rather large deep storm for June. 


The VENUS DIAMOND close by measured only 36 kn. 
At 0000 on the 16th the storm was 980 mb near 
48°N, 157°E. The NARYVNEFT (53°N, 158°E) mea- 
sured 50-kn northeasterly winds and 39-ft waves. 
Other ships were finding gales and strong gales 
with waves up to 20 ft. The storm turned north- 
ward on the 17th. The PRESIDENT JACKSON (49°N, 
165°E) had 40-kn winds and 33-ft swell waves at 
1800 on the 16th and 45 kn with 21-ft waves at 
0000 on the 17th (fig. 54). The storm turned 
southwestward on the 18th as it deteriorated 


rapidly. 
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Figure 54.--No wonder forecasting is so difficult, 
even small islands have their influence, note 
the clear area on the leeward side (north) of 
the Andreanof Islands. 


The chart of 0000 on the 18th was the first indi- 
cation of this frontal wave. At 1200 the TOYOTA 
MARU No. 16 measured 40-kn winds south of the 
center near 37°N, 160°E. Early on the 19th the 
BYAKUDAN MARU was at the cold front with 25-ft 
swells. The SEA-LAND MARINER (44°N, 179°W) found 
40-kn winds and 15-ft seas. The storm had been 
racing along at an average of 45 kn but slowed to 


15 kn on the 20th. The winds were gales on the 
20th with some 20-ft swells. The storm settled 
near 55°N, 175°W on the 22d and circled near 
there until disappearing on the 24th. 


Monster of 
two island 


the Month--Two good ship reports and 
reports identified and located this 
developing frontal wave south of Tokyo on the 
2lst. The storm was developing a good circula- 
tion on the 23d with a few gales and waves to 20 
ft. The S. IRENE (43°N, 167°E) reported 50-kn 
winds and 26-ft seas on the 24th. The storm was 
984 mb near 48°N, 173°E at 1200. There were many 
more gale-force or higher winds on the 25th with 
some over 40 kn. A Japanese vessel measured 46- 





kn winds about 200 mi south of the center and 
the TOWER BRIDGE had 23-ft waves about 400 mi 
east of the center. 
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Figure 55.--The center of the storm was just 
north of Adak Island on the 16th. 

The sterm center crossed northward over the 
Aleutians late on the 25th (fig. 55). On the 
26th the QUATSINO SOUND (49°N, 178°W) measured 
only 35-kn winds but the swells were 30 ft. This 
storm was one of the larger low-pressure areas of 
the month. On the 27th a frontal wave was racing 
through the southern quadrant forcing cyclonic 
curvature as far south as latitude 30°N. The 
tightening of the gradient south of the wave 
produced some gales and 20-ft waves. The YUGOH 
MARU (52°N, 161°W) east of the center and north 
of the frontal wave found easterly 33-ft swells. 

On the 28th the original LOW was weakening 
and the frontal wave became the primary storm. 
The PAN NOVA (53°N, 156°W) southeast of the new 
storm reported 60-kn winds but no waves to verify 
the wind. The observation looked good. The 
other higher winds were mostly gales with waves 
up to 20 ft. The storm circled over the eastern 
Bering Sea and died out on the 30th. 
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Casualties--The LIECHTENSTEIN suffered heavy 
weather damage in the South China Sea on the 4th. 
The PINOLA had a broken rudder off Borneo in 
heavy weather and went aground. The RODOSI 
requested a survey of weather damage during mid- 
June. 

Other Casualties--The NEW ZEALAND CARIBBEAN 
arrived Sydney on the 17th with weather damage 





from the 5th. A cargo of large steel pipes broke 
loose. The fishing vessel IMLAY sank in high 
seas when fish clogged the wash ports. The 
TASMAN VENTURE picked up three trawlermen adrift 
for 6 days in the Bass Strait. The MOUNT DIRFYS © 
sustained a crack in the forward bulkhead in 
heavy weather and was being towed to Dubai with 
a 20° list. 


Hurricane Alley 


Dick DeAngelis 
Environmental Data and Information Service, NOAA 
Washington, D.C. 


The tropical cyclone tracks (fig. 57) and sum- 
maries that follow are based on data provided 
by the National Hurricane Center, the Eastern 
Pacific Hurricane Center, the Naval Environmental 
Prediction Research Facility, the Joint Typhoon 
Warning Center, and the Australian Bureau of 
Meteorology. 


TROPICAL CYCLONES — APRIL 1982 

Four tropical cyclones developed during this 
transitional month. This is close to the average 
of three. The unusual occurrence was that all 
four reached hurricane strength. Bernie 
developed on the Ist. He reached hurricane 
intensity early on the 4th when winds increased 
to 70 kn around a 975-mb center. Late on the 
5th Bernie's central pressure dropped to 960 mb 
and winds were estimated at 95 kn. Bernie main- 
tained hurricane intensity until the 7th. Mean- 
while Dominic had come to life in the Gulf of 
Carpentaria. He reached hurricane strength on 
the 6th. Peak intensity occurred the following 
day as winds reached 70 kn around a 950-mb 
center. 

In the Bay of Bengal a severe cyclone formed 
on the last day of the month while the day before 
hurricane Karla in the South Indian Ocean had 
just reached her peak with 100-kn winds. The 
Bay of Bengal storm intensified as it moved 
across the Bay toward Burma. It reached hurri- 
cane strength on May 2 and continued to intensify 
on the 3d (fig. 56). By the 4th before moving 
inland the cyclone was generating 125-kn winds. 
Moving into southwest Burma the cyclone wreaked 
havoc and in its wake left 11 dead and 7,200 
people homeless. 


TROPICAL CYCLONES — MAY 1982 

May activity was about normal although the 
formation of tropical storm Claudia in the 
Australia-South Pacific region is uncommon for 
this late in the season. The other two storms 
formed in the North Pacific--Aletta in the east 
and Pat in the west. 

Claudia developed in the Solomon Islands 
close to the area affected by Bernie the pre- 
vious month. On the 15th she reached tropical 
storm strength as she neared the 15th parallel. 
At this time Claudia was turning a large counter- 
clockwise loop. Maximum winds near her center 
climbed to 40 kn late in the day. While Claudia 





Figure 56.--Cyclone 20-82 at hurricane strength 
on the 3d, the day before reaching peak inten- 
sity. 


was dissipating on the 17th far to the northwest, 
Pat was coming to life east of the Philippines. 
By the 19th he reached typhoon strength and was 
recurving off Luzon. The following day winds 
climbed to a peak of 105 kn. By the 22d, 
however, Pat was weakening rapidly as he passed 
through the Bonin Islands. This was about the 
time Aletta was making her appearance in the 
eastern half of the Pacific. Like most early 
season storms in this basin Aletta did not 
journey very far westward. Her maximum winds 
reached 45 kn with gusts to 60 kn on the 24th 
and 25th as she turned a clockwise loop. 


TROPICAL CYCLONES - JUNE 1982 

June was more active than normal as seven 
storms came to life, all in the Northern 
Hemisphere, compared to an average of four 
to five. However only three gained hurricane 
strength. 

In the central Bay of Bengal a severe storm 
developed on the first day of the month. Before 
it moved ashore on the 3d maximum winds had 


220 





Table 5.--Global tropical cyclone summary, 
April, May, and June 1982 
Est. max. 








No. Name wind (kn) Basin Dates 
April 1982 
1 Bernie 95 Aust.-S. Pacific 1-9 
2 Dominic 70 Aust.-S. Pacific 4-13 
3 Karla 100 South Indian 23-May 2 
4 20-82 i235 North Indian 30-May 5 
May 1982 
5 Claudia 40 Aust.-S. Pacific 11-18 
6 Pat 105 W. North Pacific 17-22 
7 Aletta 45 E. North Pacific 22-28 
June 1982 
8 22-82 55 North Indian 1-4 
9 Alberto 75 N. Atlantic 2-6 
10 Bud 45 E. North Pacific 14-17 
11 Ruby 75 W. North Pacific 18-28 
12 - 60 N. Atlantic 18-20 
13 Tess 35 W. North Pacific 28-July 2 
14 Skip 50 W. North Pacific 29-July 1 





climbed to 100 kn. As it ripped through the 
coastal districts of the state of Orissa, winds 
blew off thousands of roofs and at least 100 
people were killed. Tens of thousands were left 
homeless by the raging winds and torrential rains. 
Worst hit was the densely populated Cuttack 
district. In the ore port of Paradip two ships 
and 15 trawlers were sunk. 

Meanwhile in the North Atlantic an organized 
cloud system developed over the Yucatan Peninsula 
on the Ist. Within 24 hr, this system moved over 
the waters of the southeast Gulf of Mexico, 
spreading heavy rainfall eastward to western Cuba. 
Satellite pictures suggested that a depression was 
forming on the 2d and an Air Force reconnaissance 
aircraft located a closed circulation over the 
Yucatan Channel during that afternoon. The air- 
craft measured winds to 30 kn and a central sea 
level pressure of 1003 mb. 

The depression moved east-northeastward and 
intensified. At 0600 on the 3d a ship located 
100 mi south of the center reported 40-kn winds. 
Additional ships and an Air Force aircraft con- 
firmed that windspeeds were gale force and 
tropical storm Alberto was named while centered 
just north of western Cuba and 150 mi southwest 
of Key West. Later in the day, the Air Force 
aircraft reported 65-kn surface winds and then a 
NOAA aircraft estimated surface winds of 75 kn 
along with a sea level pressure of 985 mb. 

As soon as the hurricane warnings were posted 
the hurricane began to weaken and the 1632 report 
of 75 kn and 985 mb stands as the peak intensity 
for this storm. Alberto was a hurricane for less 
than 12 hr. It weakened to a tropical storm 
early on the 4th, while its track was turning 
sharply from a northeast heading to due west. 

Alberto weakened to a depression early on the 
5th and, by this time, the system had executed a 
small looping motion and was drifting slowly 
northeastward. It continued this drift until 
late on the 6th, when it dissipated while cen- 
tered 60 mi off the southwest Florida coast. 
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Table 6.--Tropical cyclone watch, 1982 





Western North Pacific Eastern North Pacific 























Mamie TC-1 T March 
Nelson TC-2 4H March Aletta Td-l T May 
Odessa TC-3 4H March Bud “4 06 6m 
Pat TC-4 H May Carlotta Td-6 T July 
Ruby TC-5 4H June Paniel Td-8 4H July 
Tess TC-6 T June Emilia Td-9 Tt July 
Skip TC-7 TT June Fabio Td-12 4H July 
Val ToS T July Cilme fTd-13 8 July 
Winona 1C-9 T July  ector Td-l4 4H July 
Andy TC-10 H July Iva Td-15 T July 
Bess TC-ll H July John Td-16 oH Aug 
Cecil TC-12 H Aug. Kristy Td-17  H Aug. 
Dot TC-13. H Aug. Lane Td-18 T Aug. 
Ellis TC-14 H Aug. Miriam Td-19 4H Aug. 
Faye TC-15 H Aug. Norman Td~-20 H Sept. 
Gordon TC-16 H Aug. Olivia Td-23 4H Sept. 
Hope TC-17 T Sept. Paul Td-22 H Sept. 
Irving TC-18 T Sept. Ros a Td-24 T Oct. 
Judy TC-19 H Sept. Sergio Td-25 H Oct. 
Ken TC-20 H Sept. Tara Td-26 T Oct. 
Lola TC-21 T Sept. 
ee TC-23 H Oct. Australia-South Pacific 
Nancy TC-24 H Oct. Bruno 5-82 T Jan. 
Owen TC-26 H Oct. —— 6-82 T Jan. 
Hettie 7-82 H Jan. 
Central North Pacific Abigail 8-82 H Jan. 
Akoni i-C T Aug. Graham 9-82 T Feb. 
Ema 2-C T Sept. Harriet 11-82 T Feb. 
Hana 3-C T Sept. Ian 13-82 H Feb. 
Isaac 14-82 H March 
South Indian Ocean Bernie 17-82 4H April 
om 1-82 T Jan. Dominic 18-82 T April 
Chris 2-82 H Jan. Claudia 21-82 T May 
Daphne 3-82 T Jan. Joti 02S-83 Oct. 
Errol 4-82 T Jan. 
Electra 10-82 T Feb. North Atlantic 
—_ 12-82 T Feb. 
Justine 15-82 H March Alberto H June 
-— 16-82 T March -- T June 
Karla 19-82 H April Beryl T Aug 
= 15-83 T July Chris T Sept. 
Debby H Sept. 
North Indian Ocean Ernesto T Oct. 
-= 20-82  H May 
-- 22-82 T June 
“= 23-82 T Oct. 





Maximum winds observed at a land station were 
60 kn at Dry Tortugas at 2200 on the 3d, when the 
center was less than 20 mi west of the island. 
Key West measured 6.25 in of rain in 24 hr. 
Several reports of tornado activity were received 
from the lower Keys. Newspaper accounts of the 
effects on western Cuba include over 14 in of 
rain and 23 deaths from inland flash flooding, 
as well as damage to the Cuban tobacco crop. 

During midmonth Bud, Ruby, and a subtropical 
storm developed in the Northern Hemisphere. Bud 
popped up in the eastern North Pacific on the 
14th just southeast of where Aletta formed the 
previous month. Moving toward the west-northwest 
maximum winds climbed to 45 kn on the 16th. 
However the following day Bud dissipated. 

Ruby came to life in the central Caroline 
Islands on the 18th. While developing she 





skirted the Mariana Islands, on a northward 
heading. By the 24th Ruby reached typhoon 
strength just before crossing the 20th parallel. 
The following day she reached maximum strength 
with 75-kn winds close to her center. Ruby 
remained at typhoon strength as she brushed 
Honshu on the 27th. Her winds and seas played 
havoc with the fishing fleets. The TAKOJIMA 
MARU No. 8 with a crew of 22 was declared 
missing in heavy weather on the 27th, near the 
storm's center. Twenty-one crewmen, one dead, 
were picked up by their consort vessel. Mean- 
while the SHOKHI MARU No. 10 capsized on the 
27th about 136 mi east of Kinkasan. All 19 of 
her crew were rescued by her consort vessel. 
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Ruby weakened and finally dissipated over 
Shikoku on the 28th. 

In the North Atlantic a subtropical storm 
formed off the Yucatan Peninsula on the 18th 
just west of where Alberto formed a few weeks 
earlier. Although such an occurrence is unusual, 
a remarkably similar storm formed in the same 
area during June 1974. 

The tropical disturbance can be traced to the 
northwest Caribbean Sea on the 15th. During the 
following 2 days most of the convection moved 
through the Yucatan Channel into the southeastern 
Gulf of Mexico while a low pressure center formed 
over the Yucatan Peninsula. The low pressure 
system was most clearly evident at the 700 and 
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Figure 57.--Global tropical cyclones, April, May, June, 1982. 
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‘peninsula during the night of the 18th. 


500 mb levels. 

At 0000 on the 18th, the 850-mb winds at Tampa 
and West Palm Beach were southerly at 40 kn. 
Therefore, the synoptic situation over the 
Florida peninsula was characterized by a strong 
southerly flow of moist tropical air at low 
levels superimposed by a strong westerly current 
aloft--a classic situation for the development of 
severe weather over the state. In fact, some 
severe weather had been occurring over the penin- 
sula as early as the 16th as the fringes of the 
disturbance moved across the Florida Straits and 
over the peninsula. Radars showed severe thunder- 
storm cells moving rapidly northward over the 
Cell 


movement was frequently in excess of 40 kn. 
During the predawn hours of the 18th, radar at 
Tampa showed increasing curvature of the rain- 
bands which indicated that a center of circula- 
tion was forming near the upper west coast of the 
peninsula. 

Preliminary information indicates three storm- 
related deaths, at least 13 injuries, and 25 
homes destroyed in Florida. A Brevard County 
woman was drowned when a canoe overturned, a 
year-old child was killed when swept into a 
drainage ditch in Orange County, and a Hendry 
County man was killed when his mobile home was 
destroyed by a tornado. A preliminary assessment 
of dollar damages compiled by a state disaster 








GLOBAL TROPICAL CYCLONES ORIGINATING 
APRIL, MAY, AND JUNE 1982 


NAME INTENSITY DATES 
1 BERNIE H APR. 1-9 
2 DOMINIC H APR. 5-13 | 
| 3 KARLA Ms APR. 23-MAY 2 
4 20-82 H APR. 30-MAY 5 
5 CLAUDIA T MAY 11-18 | 
6 PAT H MAY 17-22 
| 7 ALETTA MAY 22-28 
| B 22-82 T JUNE 1-4 
9 ALBERTO H JUNE 2-6 
| BUD T JUNE 14-17 
RUBY H JUNE 18-28 | | 
T JUNE 17-20 
TESS T JUNE 28-JULY 2 
SKIP T JUNE 29-JULY 1 
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team places losses at $6.8 million, but totals 
for Lee, Collier, Pasco, and Hillsborough Counties 


are still incomplete. High tides and waves caused 
flooding and beach erosion from Naples to the 
Tampa Bay area. Some waterfront buildings suf- 
fered damage from undermining and there was 
widespread damage to marinas and small boats. 
One-hundred thirty families were eventually 
evacuated from the Arcadia area as the Peace River 
crested above flood stage a few days after the 
storm. 

The highest winds noted thus far in Florida 
were 36 kn with gusts to 42 kn during a thunder- 
storm at Macdill AFB in Tampa on the 18th. Storm 
rainfall amounts generally ranged from 4 to 6 in 
except in the extreme northeast part of the state 
where more than 8 in fell at Hastings and St. 
Augustine. 

As the LOW accelerted to a forward speed of 
more than 30 kn and emerged off the northeast 
coast of Florida at 1600 on the 18th, it was 
designated a subtropical storm. An Air Force 
reconnaissance flight found surface winds of 60 
kn and a central pressure of 992 mb during the 
afternoon. From the time the storm moved off 
the Florida coast until it became extratropical 
just south of Newfoundland on the 20th, it fol- 
lowed a steady northeast heading and maintained 
a nearly constant strength of about 60 kn. 
However its forward speed slowed to about 15 kn 
off the South Carolina coast, then accelerated 
rapidly, reaching 45 kn off the coast of Nova 
Scotia. The central pressure remained about 992 
mb until the morning of the 20th when it lowered 
to 984 mb as the center passed Sable Island. 

The storm's effects on land areas north of 
Florida were relatively minor. Rains of up to 
9 in in extreme eastern South Carolina and 4 in 
in eastern North Carolina caused some stream and 
urban flooding, and tides of 2 to 3 ft above 
normal caused minor beach erosion. A 68-ft 
fishing trawler sank in high seas at 0930 on the 
19th, about 65 mi southeast of Cape Fear, N.C., 
but the crew was rescued by the Coast Guard. 





Winds reached 40 kn with gusts to 58 kn at the 
Oak Island Coast Guard station near Cape Fear, 
N.C., and 47 kn with gusts to 67 kn at the 
offshore tower at Frying Pan Shoals about 40 mi 
southeast of Cape Fear on the 18th. Sustained 
winds of 60 kn were measured at Frying Pan early 
on the 19th. A ship encountered southeast winds 
of 35 kn with gusts to 60 kn along with 15- to 
20-ft seas and a pressure of 993.9 mb, 52 mi 
southeast of Cape Fear at 0600 on the 19th. 

After crossing the Outer Banks of North 
Carolina, the storm remained sufficiently far at 
sea so as not to affect significantly the East 
Coast from Virginia northward. Even though the 
central pressure remained low and gales covered 
a broad area, the storm center expanded and 
became distorted on June 20 as it passed near 
the southeast tip of Newfoundland. 

Tropical storms Tess and Skip formed near the 
end of the month in the western North Pacific. 
Tess developed about 180 mi southeast of Hainan. 
Winds climbed to minimum tropical storm strength 
as the storm brushed Hong Kong late on the 30th. 
By July 2 Tess had dissipated in the Formosa 
Strait. Skip meanwhile had formed in the 
northern Philippine Sea. His winds reached 50 
kn on July l. 


HURRICANE HAVENS HANDBOOK 
The Hurricane Havens Handbook for the North 
Atlantic Ocean was published by the Naval Envi- 








ronmental Prediction Research Facility as NEPRF 
Technical Report TR82-03 in June 1982. This 
first edition includes nine ports: Norfolk, VA; 
Charleston, SC; Key West, FL; Mayport, FL; 
Kings Bay, GA; Morehead City, NC; New London, 
CT; Pensacola, FL; and Gulfport, MS. There will 
be more concerning this valuable publication 

in the next issue. Copies of the report may 

be obtained by writing the: Commanding Officer, 
Naval Environmental Prediction Research 
Facility, Monterey, CA 93940. The cost is not 
known. 
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